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Preface 


The major space goal of the National Aeronautics and Space Administration's Office of Aeronautics 
and Space Technology (OAST)t is to provide enabling technologies— validated at a level suitable for 
user-readiness — for future space missions, in order to ensure continued U.S. leadership in space. An 
important element in accomplishing this goal is the Irt-Space Technology Experiments Program 
(IN-STEP), whose purpose it is to explore and validate, in space, advanced technologies that will 
improve the effectiveness and efficiency of current and future space systems. 

On December 6 through 9, 1988, almost 400 researchers, technologists and managers from U.S. 
companies, universities and the government participated in the OAST IN-STEP 88 Workshop*. The 
participants reviewed the current in-space technology flight experiments, identified and prioritized 
the technologies that are critical for future national space programs and that require verification or 
validation in space, and provided constructive feedback on the future plans for the In-Space Technology 
Experiments Program. The attendees actively participated in the identification and prioritization of 
future critical space technologies in eight major discipline theme areas. The content presented in the 
two parts of this NASA Conference Publication (CP), each under separate cover, reflect an overview of 
the workshop participants' efforts to review IN-STEP planning for the future of the program. These 
critical space technologies will help focus future solicitations for in-space flight experiments. 

At the workshop. Dr. Harrison H. Schmitt emphasized that the nations which effectively exploit the 
advantages of space will lead human activities on Earth. OAST has worked closely with the 
aerospace community over the last few years to utilize the Space Shuttle, expendable launch vehicles, 
and, in the future. Space Station Freedom, for experimentation in space in the same way that we utilize 
wind tunnels to develop aeronautical technologies. This close cooperation with the user community is 
an important, integral part of the evolution of the In-Space Technology Experiments Program which 
was originated to provide access to space for technology research and for experimentation by the entire 
U.S. aerospace community. 


The PREFACE edited for this NASA Conference Publication is based on the IN-STEP 88 WORKSHOP handout foreword written 
by Dr. Leonard Harris, Chief Engineer, Office of Aeronautics and Space Technology. 


t The Office of Aeronautics and Space Technology has since been renamed the Office of Aeronautics, Exploration and Technology 
(OAET). In conjunction with this change, the scope of the Human Exploration Initiative (HEI) has been broadened and renamed 
the Space Exploration Initiative (SEI). 

‘The IN-STEP 88 Workshop was conducted by the Space Station Freedom Office of the Langley Research Center. Questions 
regarding this workshop should be directed to Dr. Roger A. Breckenridge, Deputy Manager, Space Station Freedom Office, 

M.S. 288, NASA Langley Research Center, Hampton, Virginia, 23665. 
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Introduction 


NASA’s Office of Aeronautics and Space Technology (OAST) conducted a workshop December 6-9, 1988, 
on the In-Space Technology Experiments Program (IN-STEP) in Atlanta, Georgia. The purpose of this 
workshop, IN-STEP 88, was to identify and prioritize space technologies that are critical for future 
national space programs and which require validation in the space environment. A secondary objective 
was to review the current NASA (In-Reach) and industry /university (Out-Reach) experiments. 

Finally, the aerospace community was asked to review and comment on the proposed plans for 
continuation of the In-Space Technology Experiments Program itself. In particular, this review 
included the proposed process for focusing the next experiment selection on specific, critical technologies 
as well as the process for implementing associated hardware development and integration on the Space 
Shuttle vehicle. 

The product of the workshop was a prioritized listing of the critical space technology needs in each of 
eight technology disciplines. These listings were the cumulative recommendations of nearly 400 
participants — including researchers, technologists and managers — from aerospace industries, 
universities and government organizations. The identification and prioritization of the critical space 
technology needs were initiated by assigning NASA chairpersons (theme leaders) to the eight major 
technology discipline themes requiring consideration. These themes were as follows: 

O Space Structures 
@ Space Environmental Effects 
® Power Systems and Thermal Management 
© Fluid Management and Propulsion Systems 
© Automation and Robotics 
® Sensors and Information Systems 
© In-Space Systems 
© Humans in Space 


In order to afford further structure within each theme, the chairpersons divided their themes into 
three theme elements each. The theme element concept allowed focused technical discussions to occur 
within the broad discipline themes. For each theme element, the theme leader selected government, 
industry and university experts to present the critical space technology needs of their respective 
organizations. The presentations were reviewed and discussed by the theme audiences (other members 
of the aerospace community), and prioritized lists of the critical technologies in need of verification 
and validation in space were established for each theme element. The comments and conclusions for 
each theme were incorporated into a summary listing of the critical space technology needs as well as 
associated flight experiments representing the combined inputs of the speakers, the audience, and the 
theme leader. 

The critical space technology needs and associated space flight experiments identified by the 
participants provide an important part of the strategic planning process for space technology 
development and provide the basis for the next solicitation for space technology flight experiments. 
The results of the workshop will be presented in the IN-STEP Selection Advisory Committee in early 
1989. This committee will review the critical technology needs, the funding available for the program, 
and the space flight opportunities available to determine the specific technologies for which space 
flight experiments will be requested in the next solicitation. 
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Conference Publication Content Description, Parts 1 and 2 

The proceedings handbooks were organized as three presentation categories in four volumes: 
(1) Overview (Executive Summary volume), (2) In-Reach/Out-Reach experiments and the experiment 
integration process (Volume I), and (3) critical technology presentations (Volumes II and III). For 
presentation in this NASA Conference Publication (CP), a two-part set (under separate covers), the 
Executive Summary and Volume I are combined in Part 1 and Volumes II and III are combined in Part 2. 


Part 1 

Keynote Address — Part 1 of the IN-STEP 88 CP set opens with the keynote address presented at the 
workshop banquet by Dr. Harrison Schmitt, a former U.5. Senator and Apollo astronaut, on the 16th 
anniversary of his lunar launch (Apollo 17). In his presentation. Dr. Schmitt outlined his vision for the 
future of the U.S, space program by describing a Millennium Project which would combine space ventures 
to the Moon, to Mars, and to planet Earth. 

Executive Summary — The Executive Summary (first half of Part 1) contains the welcome and 
workshop instructions, strategic planning for the in-space technology experiments, an overview of the 
space technology experiments being conducted in OAST as well as the solicitation process for IN-STEP, 
the proposed accommodation process for Space Station Freedom , and the critical-technology-needs 
summaries for each theme. These summaries are presented in a standardized format version of the lists 
prepared in "real-time" at the workshop. 

The Welcome and Workshop Instructions describes the purpose, the process, and the product intended 
for the workshop. The Space Strategic Planning process describes the OAST space research and 
technology base programs which generate new technology concepts in the major discipline areas, the 
new focused programs of the Civil Space Technology Initiative (CSTI) as well as the Pathfinder, and 
provides funding for the industry, university and NASA space technology experiments. Overview 
charts of current OAST sponsored space flight experiments and specific information regarding the 
IN-STEP solicitation process are provided to establish an understanding of space technologies currently 
validated and the proposed approach for initiating new experiments. 

Brief overviews of the objectives, technology needs/backgrounds, descriptions, and development 
schedules for current industry, university and NASA space flight technology experiments are presented 
in the second half of Part 1 (Volume I of the original workshop handbook set). This was a very 
important part of the workshop, providing an opportunity for the aerospace community to interact with 
experimenters and provide feedback on the flight experiments. An overview of the user/payload 
integration and accommodation process being established for use on Space Station Freedom is included 
in the content of Part 1 Experiment Descriptions to promote better understanding within the space 
experiment community, and presentations describing the experiment integration process are presented at 
the end of Part 1. 

Part 2 

Critical Technologies — Part 2 of the IN-STEP 88 CP set combines the contents of Volumes II and III of 
the original handbook set. This book contains a theme introduction by each chairperson, critical 
technology presentations for e^ch of the theme's three elements of technical focus, and summary 
listings of critical space technology needs for each theme. The introduction for each theme includes the 
chairperson's overview and instructions for the participants. The critical technology presentations, 
along with summaries listing the critical space technology needs and associated flight experiments, arc 
presented as previously described. 


□ □ □ 


i v 


.W 


Contents 

By Presentation Title & Speaker 

Part 1: IN-STEP 88 Executive Summary 

IN-STEP 88 Keynote Address: Mission to Earth, Moon, and Mars l 

Dr. Harrison H. Schmitt 

Workshop Opening: 

□ Workshop Purpose and Agenda 12 

Dr. Leonard Harris, Chief Engineer, OAST, NASA Headquarters 

O In-Space Technology Experiments in NASA's Strategic Planning! 14 

Dr. Judith H. Ambrus, Assistant Director for Space, NASA Headquarters 

□ In-Space Technology Experiment Program 34 

Jack Levine, Director, Flight Projects Division, OAST, NASA Headquarters 

Jon S. Pyle, Manager, In-Reach/Out-Reach Programs, NASA Headquarters 

□ Space Station Freedom User/Payload Integration & Accommodations 43 

Alan C. Holt, Dep. Dir. (Acting), User Integration Division, 

Utilization & Operations Group, Space Station Freedom Program Office 

Critical In-Space Technology Needs: 

O O Space Structures 68 

Martin Mikulas, Jr., NASA Langley Research Center 

□ ©Space Environmental Effects ....69 

Lubert J. Leger, NASA Johnson Space Center 

□ ® Power Systems and Thermal Management 70 

Roy McIntosh, NASA Goddard Space Flight Center 

□ © Fluid Management and Propulsion Systems 71 

Lynn M. Anderson, NASA Lewis Research Center 

□ © Automation and Robotics 72 

Antal K. Bejczy, Jet Propulsion Laboratory 

□ ©Sensors and Information Systems . 73 

Martin M. Sokoloski, NASA Headquarters 

John Dalton, NASA Goddard Space Flight Center 

□ ©In-Space Systems 74 

Jon B. Haussler, NASA Marshall Space Flight Center 

□ © Humans in Space — — 75 

Remus Bretoi, NASA Ames Research Center 


Part 1 Contents Continued on Next Page 


t Dr. Ambrus’ presentation for the IN-STEP 88 Workshop was given by Dr. I larris. 

V 



Part 1: IN-STEP 88 Experiment Descriptions 

In-Reach / Out-Reach Experiments and 
Experiment Integration Process 

In-Reach / Out-Reach Experiments (by Theme): 

O SPACE STRUCTURES 

□ In-Space Structural Dynamics Evaluation of a Skewed-Scale Truss 78 

James H. Peebles, McDonnell Douglas Astronautics 

□ Middeck 0-Gravity Dynamics Experiment (MODE) ... * . 81 

Prof. Edward F. Crawley and Dr. David W. Miller, Massachusetts Institute of Technology 

□ Measurement and Modeling of Joint Damping in Space Structures . 84 

Steven L. Folkman and Frank J. Redd, Utah State University 

□ Payload Vibration Isolation in Microgravity Environment ................ 87 

Carl H. Gerhold and Richard M. Alexander, Texas A&M University 

□ Generic Pointing Mount .... . . * 90 

Robert W. Bosley, Allied /Signal Aerospace Company 

□ Space Station Structural Characterization Experiment . 96 

James W. Johnson and Paul A. Cooper, NASA Langley Research Center 

□ Inflatable Solar Concentrator Experiment • 99 

Costa Cassapakis and Geoff Williams, L'Garde, Inc. 

© SPACE ENVIRONMENTAL EFFECTS 

□ Measurement of Surface Reactions in the Space Environment 103 

L.R. Megill, Globesat, Inc. 

□ Optical Properties Monitor (OPM) Experiment 106 

Donald R. Wilkes, John M. Cockerham & Associates 

□ Experimental Investigation of Spacecraft Glow 109 

Gary Swenson, Lockheed Missiles & Space Company 

□ Return Flux Experiment (REFLEX) 112 

Jack J. Triolo and Roy McIntosh, NASA Goddard Space Flight Center 

□ Debris Collision Warning Sensors * 115 

Faith Vilas and David Thompson, NASA Johnson Space Center 

□ Thin Foil X-Ray Optics Space Environment Contamination Experiment 118 

Robert Petre, P.J. Seriemitsos, C.A. Glasser, NASA Goddard Space Flight Center 

© POWER SYSTEMS AND THERMAL MANAGEMENT 

□ Sodium-Sulfur Battery Flight Experiment Definition 122 

Becky Chang, Ford Aerospace Corporation 

O Unitized Regenerative Fuel Cell 125 

Timothy A. Nalette, United Technologies Corporation 

□ Thermal Energy Storage Flight Experiments for Solar Dynamics Power Systems 128 

David Namkoong, Jerri Ling, Steve Johnson, Barbara Heizer, Tom Foster; NASA LeRC/Boeing 

□ Investigation of Microgravity Effects on Heat Pipe Thermal Performance 

and Working Fluid Behavior •• 151 

George L. Fleischman, Hughes Aircraft Company 

Part 1 Contents Continued on Next Page 


VI 


Part 1: Experiment Descriptions (continued) 

□ A High-Efficiency Thermal Interface (using condensation heat transfer) 

Between a Two-Phase Fluid Loop and a Heat Pipe Radiator 135 

John A. Pohner, TRW Space & Technology Group 

□ Moving Belt Radiator Dynamics 139 

W. Peter Teagan, Arthur D. Little, Inc. 

□ Liquid Droplet Radiator . 144 

Shlomo L. Pfeiffer, Grumman Space Systems 

© FLUID MANAGEMENT AND PROPULSION SYSTEMS 

□ Tank Pressure Control Experiment 148 

Michael D. Bentz, Boeing Aerospace 

□ Integrated Cryogenic Experiment (ICE) Microsphere Insulation Investigation 151 

Dean C. Read, Lockheed Missiles & Space Company 

□ Liquid Motion in a Rotating Tank 157 

Franklin T. Dodge, Southwest Research Institute 

□ Thermoacoustic Convection Heat Transfer 160 

Prof. Masood Parang, University of Tennessee 

© AUTOMATION AND ROBOTICS 

□ Research and Design of Manipulator Flight Testbeds 162 

T.M. Depkovich, Martin Marietta Corporation 

□ Control of Flexible Robot Manipulators in Zero Gravity 164 

Warren F. Phillips, Utah State University 

□ Jitter Suppression for Precision Space Structures 169 

Robert M. Laurenson, McDonnell Douglas 

□ Passive Damping Augmentation for Space Applications 173 

Dr. Thomas E. Alberts, Old Dominion University (Supported by 3M Corporation) 

® SENSORS AND INFORMATION SYSTEMS 

O Development of Emulsion Chamber Technology 177 

John Gregory, University of Alabama in Huntsville 

□ Infrared Focal Plane Performance in the South Atlantic Anomaly 181 

Frank Junga, Lockheed Missiles & Space Company 

□ Construction and In-Space Performance Evaluation of High Stability 

Hydrogen Maser Clocks ..... 184 

Robert F.C. Vcssot, Smithsonian Astrophysical Observatory 

O Acceleration Measurement and Management Experiment Definition 188 

Jan A. Bijvoet, University of Alabama in Huntsville 

O Dynamic Spacecraft Attitude Determination with GPS 192 

Dr. Duncan B. Cox, Jr., Mayflower Communications Company, Inc. 

O Stanford University / NASA Laser In-Space Technology Experiment (SUNLITE) 196 

Robert L. Byer, Stanford University 


Part 1 Contents Continued on Next Page 

vii 



Part 1: Experiment Descriptions (concluded) 

© IN-SPACE SYSTEMS 

□ Definition of Experiments to Investigate Fire Suppressants in Microgravity 199 

Dr. James J. Reuther, Battelle Columbus Division 

□ Risk-Based Fire Safety Experiment Definition ............. ........ , 202 

George Apostolakis, University of California at Los Angeles 

□ Plasma Arc Welding in Space * 204 

Boris Rubinsky, University of California at Berkeley 

□ Extra-Vehicular Activity Welding Experiment .. , 207 

Gary Schnittgrund, Rockwell International Corporation 

□ On-Orbit Electron Beam Welding Experiment 213 

William Hooper, Martin Marietta Corporation 

O Laser Welding in Space . 216 

Dr. Gary L. Workman and Dr. William F. Kaukler, University of Alabama 

O Liquid Encapsulated Float Zone Refining of Gallium Arsenide 219 

Edward Barocela, McDonnell Douglas Astronautics Company 

□ Vapor Crystal Growth Technology 223 

Franz E. Rosenbcrger and Francis C. Wessling, University of Alabama (Supported by Boeing) 

© HUMANS IN SPACE 

O Enhancement of In-Space Operations Using Spatial 

Perception Auditory Referencing (SPAR) 226 

Dr. Robert H.T. Blanks, Dr. Joie P. Jones, and Dr. Yasuhiro Torigoe; U. of California at Irvine 
Dr. William Douglas and Herb Helly, McDonnell Douglas Astronautics 

□ Definition of a Microbiological Monitor for Application in Space Vehicles 229 

Melvin V. Kilgore, Jr., and Dr. Robert J. Zahorchak; U. of Alabama in Huntsville 

□ Design of a Closed-Loop Nutrient Solution Delivery System for 

CELSS (Controlled Ecological Life Support Systems) Application 232 

Dr. Steven H. Schwartzkopf, Lockheed Missiles & Space Company 
Mr. Mel W. Oleson, Boeing Aerospace Company 

□ Impact of Low Gravity on Water Electrolysis Operation 234 

Franz H. Schubert, Life Systems, Inc. 

O Experiment Integration Process Presentations 237 

Clarke R. Prouty, NASA Goddard Space Flight Center 

Payload Integration Overview: 

O NSTS Integration and Operations 244 

John C. O'Laughlin, NASA Johnson Space Center 

□ Complex Autonomous Payload Carriers ............ 253 

Clarke R. Routy, NASA Goddard Space Flight Center 

O Hitchhiker Project Overview 257 

T.C. Goldsmith, NASA Goddard Space Flight Center 

O Middeck Payload Integration 265 

John C. O’Laughlin, NASA Johnson Space Center 

O KSC Payload Integration 274 

Dean C. Zimmerman, NASA Kennedy Space Center 


vm 



Part 2: Critical Technologies 1 

IN-STEP 88 Technology Themes 

By Theme: 

O SPACE STRUCTURES 

Background and Objectives: 

□ Theme Orientation and Recap of In-Space RE&E Workshop (Williamsburg, T 85) 291 

Martin Mikulas, Jr., NASA Langley Research Center 

1.1 Structures: 

□ Air Force Structural Dynamics and CSI Technology Needs 297 

Jerome Pearson, USAF Wright Aeronautical Laboratories 

□ Industry Perspective on Technology Needs for Space Structures . 299 

Donald E. Skoumal and Richard M. Gates, Boeing Aerospace Company 

□ University Participation in In-Space Technology Experiments 302 

K.C. Park, University of Colorado 

1.2 Control/Structure Interaction (CSI): 

□ An Overview of the NASA Controls-Structures-Interaction Program .. 305 

J. Newsom, NASA Langley Research Center 

H. Waites, NASA Marshall Space Flight Center 
W. Layman, Jet Propulsion Laboratory 

O Technology Development Needs: Industry Perspective . 308 

Carolyn S. Major, TRW Space & Technology Group 

O The Need for Space Flight Experimentation in Control/Structure Interaction .. 310 

Edward F. Crawley, Massachusetts Institute of Technology 

1*3 Controls: 

□ Space Structures: Controls (Validation — Ground and In Space) 314 

Henry B. Waites, NASA Marshall Space Flight Center 

□ Industry Perspective on Control Technology Needs for Space Flight Verification ........ 316 

Irving Hirsch, Boeing Aerospace 

□ Experiments in Dynamics and Controls .................... - • 319 

Robert E. Skelton, Purdue University 

□ Space Structures Critical Technology Requirements * 323 

Martin Mikulas, Jr., NASA Langley Research Center 

© SPACE ENVIRONMENTAL EFFECTS 

Background and Objectives: 

□ Theme General Content and Sub-Theme Definition 330 

Lubert J. Leger, NASA Johnson Space Center 

2.1 Atmospheric Effects and Contamination: 

□ Atmospheric Effects & Contamination: Government Perspective 333 

Bruce A. Banks, NASA Lewis Research Center 

Part 2 Contents Continued on Next Page 


t Part 2 of the IN-STEP 88 Workshop Conference Publication two-part sc* is under separate cover. 


IX 



Part 2: Critical Technologies (continued) 

2.1 Atmospheric Effects and Contamination (continued): 

□ Atmospheric Effects & Contamination Technology Development Needs 336 

Lyle E. Bareiss, Martin Marietta Corporation 

□ Hyperthermal Interactions of Atmospheric Species with Spacecraft 338 

John Gregory, University of Alabama at Huntsville 

2.2 Micrometeoroids and Debris: 

□ Detection and Measurement of the Orbital Debris Environment T 341 

Faith Vilas, NASA Johnson Space Center 

O Design Considerations for Space Debris: An Industry Viewpoint 343 

Dr. H.W. Babel, McDonnel Douglas Astronautics Company 

O Space Debris Environment Definition 346 

Dr. Robert D. Culp 

2.3 Charged Particles and Electromagnetic Radiation Effects: 

O Effects of Charged Particles and Electromagnetic Radiation on 

Structural Materials and Coatings 349 

W.S. Slemp and S.S. Tompkins, NASA Langley Research Center 

O Effects on Space Systems: Technology Requirements for the Future 352 

H. Garrett, Jet Propulsion Laboratory 

□ Electromagnetic and Plasma Environment Interactions: Technology Needs for the Future 354 

G. Murphy, Jet Propulsion Laboratory 

□ Space Environmental Effects Critical Technology Requirements 357 

Lubert J. Leger, NASA Johnson Space Center 

© POWER SYSTEMS & THERMAL MANAGEMENT 

Background and Objectives: 

□ Review of Previous Workshops (Williamsburg f 85. Ocean City *88) 362 

Roy McIntosh, NASA Goddard Space Flight Center 

3.1 Dynamic and Nuclear Power Systems: 

□ Dynamic and Nuclear Systems 370 

John M. Smith, NASA Lewis Research Center 

□ Dynamic & Nuclear Power Systems 374 

Dr. J.S. Armijo, General Electric Astro Space Division 

□ Dynamic & Nuclear Systems 377 

Prof. Mohamed S. ELGenk, University of New Mexico 

3.2 Conventional Power Systems: 

□ Conventional Power Systems 381 

Dr. Karl A. Faymon, NASA Lewis Research Center 

□ Conventional Power Systems 384 

Stephen R. Peck, GE Astro Space Division 

□ Conventional Power Systems , 387 

R.F. Askew, Auburn University 


Part 2 Contents Continued on Next Page 


X 



Part 2: Critical Technologies (continued) 

3.3 Thermal Management 

□ Government View: Spacecraft Thermal Management Requirements 

& Technology Needs 390 

Dr. Tom Mahefkey, Air Force Wright Aeronautical Labs 

□ Thermal Management An Industry Viewpoint 393 

Ted J. Kramer, Boeing Aerospace Company 

□ Thermal Management Issues in Advanced Space Missions: University Viewpoint 395 

Prof. Larry C. White, University of Houston 

□ Power Systems & Thermal Management Critical Technology Requirements 398 

Roy McIntosh, NASA Goddard Space Right Center 

© FLUID MANAGEMENT & PROPULSION SYSTEMS 

Background and Objectives: 

O Theme Organization and Purpose 402 

Lynn M. Anderson, NASA Lewis Research Center 

4.1 On-Orbit Fluid Management 

O Fluid Management Technology 403 

John C. Aydelott, NASA Lewis Research Center 

O Cryogenic Fluid Management Technology. An Industry Perspective 405 

John R. Schuster, General Dynamics 

4.2 Propulsion: 

□ Low Thrust Propulsion Space Experiments 408 

J.R. Stone, NASA Headquarters, OAST 

□ Key Propulsion Technologies for In-Space Experiments 411 

James H. Kelley, Jet Propulsion Laboratory 

O In-Space Technology Experiments in Propulsion: The Role of Universities 414 

Charles L. Merkle, Pennsylvania State University 

4.3 Fluid Physics: 

O Fluid Physics 416 

Jack A. Salzman, NASA Lewis Research Center 

□ Low-G Interface Configurations, Stability and Dynamics 419 

Franklin T. Dodge, Southwest Research Institute 

O The Case for Two-Phase Gas-Liquid Flow Experiments in Space 423 

A.E. Dukler, University of Houston 

O Fluid Management & Propulsion Systems Critical Technology Requirements 424 

Lynn M. Anderson, NASA Lewis Research Center 

0 AUTOMATION AND ROBOTICS 

Background and Objectives: 

□ Subthemes: Robotics, Teleoperation, and Artificial Intelligence; 

Summary of Williamsburg Workshop C85) 433 

Antal K. Bcjczy, Jet Propulsion Laboratory 


Part 2 Contents Continued on Next Page 


XI 



Part 2: Critical Technologies (continued) 

5.1 Robotic Systems: 

□ Robotics 443 

A1 Meintel, NASA Langley Research Center 

□ Robotics 446 

T.M. Depkovich and J.R. Spofford, Martin Marietta Corporation 

□ Robots in Space 448 

Prof. Delbert Tesar, University of Texas at Austin 

5.2 Teleoperations: 

□ Space Operations, Now and Future 451 

Charles R. Price, NASA Johnson Space Center 

□ Teleoperation 454 

Paul B. Pierson, General Electric Aerospace 

O Multimode Operator Interfaces, Intelligent Displays, 

Hierarchical-Control Communication Time Delay Visual Perception Systems 457 

Thomas B. Sheridan, Massachusetts Institute of Technology 

5.3 Artificial Intelligence: 

O In-Space Experiments in Artificial Intelligence 459 

Dr. Peter Friedland, NASA Ames Research Center 
Nancy Sliwa, NASA Langley Research Center 

□ Artificial Intelligence: An Industry View 462 

David A. Rosenberg, ISX Corporation 

□ Artificial Intelligence 465 

Dr. Robert Cannon, Stanford University 

O Automation and Robotics Critical Technology Requirements 467 

Antal K. Bejczy, Jet Propulsion Laboratory 

© SENSORS AND INFORMATION SYSTEMS 

Background and Objectives: 

□ Themes and Criteria for Prioritization 472 

Martin M. Sokoloski, NASA Headquarters 

John T. Dalton, NASA Goddard Space Flight Center 

6.1 Sensors: 

□ In-Space Experiments in Remote Sensing Systems 474 

Martin M. Sokoloski, NASA Headquarters 

O In-Space Sensor Technology Experiments 478 

E, David Hinkley, Hughes Aircraft Company 

□ LIDAR/Laser Sensors 482 

Dr. Denis Killinger, University of South Florida 

6.2 Communications: 

O In-Space Experiments in Communication Systems 485 

Martin M. Sokoloski, NASA Headquarters 

□ Space Laser Communication Experiments 488 

M. Ross, Laser Data Technology, Inc. 


Part 2 Contents Continued on Next Page 

xii 



Part 2: Critical Technologies (continued) 

6.2 Communications (continued): 

□ Coherent Optical Intersatellite Crosslink Systems 491 

Vincent W.S. Chan, Massachusetts Institute of Technology 

6.3 Information Systems: 

O In-Space Experiments in Information Systems 495 

John T. Dalton, NASA Goddard Space Flight Center 

□ Information System Panel DMS Perspectives — December ’88 499 

George Nossaman, IBM Federal Systems Division 

□ In-Space Experiments in Information Systems 503 

Neil R. White, University of Colorado 

□ Sensors and Information Systems Critical Technology Requirements 506 

Martin M. Sokoloski, NASA Headquarters 

John T. Dalton, NASA Goddard Space Flight Center 

Q IN-SPACE SYSTEMS 

Background and Objectives: 

□ Theme Session Objectives and Prioritization Criteria 512 

Jon B. Haussler, NASA Marshall Space Flight Center 

7.1 Materials Processing: 

□ Materials Processing - • 516 

Larry Spencer, NASA Headquarters (MSAD) 

□ Floating-Point Crystal Growth in Space ..... - - 520 

John T. Viola, Rockwell International 

□ Materials Processing — Cells and Cellular Products 523 

David W. Sammons, University of Arizona 

7.2 Maintenance, Repair and Fire Safety: 

□ Maintenance, Servicing and Repair in Space . 525 

Ed Falkenhayn, NASA Goddard Space Flight Center 

□ Spacecraft Fire Safety for Advanced Spacecraft 528 

Wallace W. Youngblood, Wylc Laboratories 

□ Maintenance, Servicing and Repair in Space 531 

Bob Dellacamera, McDonnell Douglas Space Systems Company 

7.3 In-Space Systems: 

□ Payload Operations from the Perspective of Manned Space Flight 535 

Dr. Jeffrey A. Hoffman, NASA Johnson Space Center 

□ Orbit Assembly Node 537 

Tom Styczynski and Lee R. Lunsford, Lockheed Missiles & Space Company 

□ In-Space Systems: Space Construction and Payload Operations 540 

Dr. George W. Morgcnthaler, University of Colorado 

□ In-Space Systems Critical Technology Requirements 543 

Jon B. Haussler, NASA Marshall Space Flight Center 


Part 2 Contents Continued on Next Page 

xiii 



Part 2: Critical Technologies (concluded) 

@ HUMANS IN SPACE 

Background and Objectives: 

O Overview: EVA, Performance, Life Support Systems 546 

Remus N. Bretoi, NASA Ames Research Center 

8.1 EVA / Suit: 

□ EVA Technology . * * 553 

Dr. Bruce W. Webbon and Bernadette Squire, NASA Ames Research Center 

O Extra-Vehicular Activity / Suit 556 

H.T. Fisher, Lockheed Missiles & Space Company 

O EVA and Pressure Suit Technology 560 

Prof. David L. Akin, Massachusetts Institute of Technology 

8.2 Human Performance: 

O Crew and Environmental Factors 562 

Dr. Barbara G. Kanki, NASA Ames Research Center 

O Artificial Gravity 565 

Larry G. Lemki, NASA Ames Research Center 

O Human Performance 568 

William R. Ferrell, University of Arizona 

8.3 Closed-Loop Life Support Systems: 

□ Physical/Chemical Closed-Loop Life Support 571 

R.D. MacElroy, NASA Ames Research Center 

□ Closed-Loop Life Support: Industry Presentation 573 

Thomas J. Slavin, Boeing Aerospace 

□ Physical/Chemical Closed-Loop Life Support 575 

Marvin W. Luttges and Louis Stodieck, University of Colorado 

□ Humans in Space Critical Technology Requirements 578 

Remus N. Bretoi, NASA Ames Research Center 


□ □ □ 


XIV 


This Page Intentionally Blank 



This Page Intentionally Blank 



INSTEP88 Workshop 1 


OAST Technology For the Future 
Part 1 : Executive Summary & Experiment Descriptions 

Executive Summary 


Keynote Address Keynote Address 

Mission to Earth, Moon, and Mars 


Dr. Harrison H. Schmitt 

Scientist, Administrator, Educator, Consultant on Space Initiatives 
Former U.S. Senator and Lunar Module Pilot for Apoilo 17 


Harrison H. Schmitt 

P.O. Box 14338 
Albuquerque, NM 87191-4338 
BIOGRAPHICAL SKETCH (505)823-2616 


Harrison "Jack” Schmitt has the varied experience of a 
geologist, scientist, astronaut, pilot, administrator, educator, 
writer, and United States Senator. 

He trained as a geologist and scientist at the California 
Institute of Technology, as a Fulbright Scholar at the University 
of Oslo, and at Harvard University, receiving his PH.D. in 
geology from Harvard in 1964 based on earlier field studies 
conducted in Norway. 

He was selected for the Apollo Scientist-Astronaut program 
in 1965 and served as the Lunar Module Pilot for Apollo 17 — the 
last Apollo mission to the Moon. 

Schmitt's studies of the Valley of Taurus-Li ttrow on the 
Moon in 1^72, as well as his earlier scientific work, made 
Schmitt one of the leading experts on the history of the 
terrestrial planets. As the only scientist to go to the Moon, he 
was also the last of twelve men to step on the Moon. 

After organizing and directing the activities of the 
Scientist-Astronaut Office and of the Energy Program Office for 
NASA in 1973-1975, Schmitt fulfilled a long-standing commitment 
by entering politics. He was elected to the U.S. Senate from his 
home state of New Mexico in 1976. 

In his last two years in the Senate, Senator Schmitt was 
Chairman of the Senate Commerce Committee's Subcommittee on 
Science, Technology, and Space and of the Senate Appropriations 
Committee's Subcommittee on Labor, Health and Human Services, and 
Education. He currently serves as a member of the Army Science 
Board and as consultant to the National Strategic Materials and 
Minerals Program Advisory Committee. 

Harrison Schmitt is consulting, speaking, and writing on a 
wide range of business, foundation, and government initiatives. 
His principle activities are in the fields of technology, space, 
defense, biomedicine, geology, and policy issues of the future. 

He brings to the consideration of complex public and corporate 
concerns a unique breadth of experience ranging from the 
scientific to the practical and from the administrative to the 
political . 
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power plants on Earth fueled by the helium resources 
of the moon. This bridge of energy also provides, as 
by-products from the energy resources of the moon, the 
oxygen, hydrogen, and other consumable materials 
critical to sustaining the early settlers of Mars. 

"Thus, our Millennium Project combines space ventures 
to the Earth, moon, and Mars into a single great human 
mission — a mission to save the atmosphere, waters, 
and rainforests of Earth, a mission to settle the moon 
and utilize it resources for the benefit of all, and a 
mission to establish human civilization and freedom 
permanently on Mars. 

"A draft treaty for international participation in The 
Millennium Project is being circulated among the 
nations of Earth. This treaty, tentatively called the 
INTERMARS Charter, proposes a participant based 
relationship between nations, users, and investors, 
modeled after the successful International 
Telecommunications Satellite or INTELSAT Agreements. 

It is the intention of the United States Government 
that an international conference to finalize the 
INTERMARS Charter will be convened by interested 
nations before the end of the year. 

"Ladies and gentlemen and my fellow Americans, our 
commitment to the success of The Millennium Project 
must be unequivocal. It must include an equally 
unequivocal commitment to carry the sacred 
institutions of freedom with us as humankind expands 
into its larger home among the planets and the stars.” 


The recent return of American astronauts to space, as 
satisfying as it must be to those of you responsible, 
constitutes but a very small step in the repair of what can 
only be called a space policy disaster. 

Challenger and the tragedy of its loss did not cause 
this policy disaster nor was it caused by the dedicated people 
of NASA and its contractors whatever errors in judgment may 
have been made. The now so obvious loss of momentum in the 
United States space program has been the result of a loss of 
will on the part of national leadership spanning almost two 
decades . 

Humankind's first explorations of the moon and of 
space near the Earth between 1968 and 1972 were also the 
species first clear steps of evolution into the solar system 
and eventually into the galaxy. As the Pueblo Indians tell 
the lesson of their ancestors, "We walk on the Earth, but we 
live in the sky.” 
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Early explorers of the sky not only took their eyes 
and minds into space and became the eyes and minds of billions 
of other explorers on the starship Earth, but they began the 
long process of transplanting civilization into space. This 
fundamental change in the course of history has occurred as 
humans also have gained new insight into themselves and their 
first planetary home. 

Limitless seas in space exist not only as new 
frontiers but as new challenges for humankind. The nations on 
Earth which effectively utilize technology to exploit the 
economic and military advantages of the new ocean of space 
will dominate human activities on this planet well into the 
next century, if not indefinitely. Those nations also will 
provide the irreversible templates for the social and 
political evolution of civilization beyond the next century 
far into the Third Millennium, 

The first response to this challenge in space by the 
United States under President John F. Kennedy's leadership 
appeared to recognize the historic proportions of the contest. 
The leading involvement of the United States in space 
initially insured that the traditions of free institutions 
would be represented. As a consequence, at the high point of 
the Apollo Program, the United States verged on the 
establishment of bases on the moon, research stations in earth 
orbit, and the statement of a realistic goal of a foothold on 
Mars by the end of the Century. In the motto of the last 
Apollo mission to the moon in December 1972, the conclusion of 
the Apollo Program truly could have been "The End of the 
Beginning . " 

The opportunity given to humankind by the Apollo 
Program and its generation passed by. Consequently, the 
responsibility to re-ignite Kennedy's torch for space falls to 
others. The emotional energy to light that torch could be 
supplied to generations now alive by the vision of the human 
settlement of Mars and by the necessity of providing vast 
amounts of environmentally compatible energy for the billions 
of humans left at home. 

The return of Americans and their partners to space 
must be viewed in the context of the free world's over all 
perception of the future of humankind. In the United States, 
unfortunately, little political thought normally is given to 
that future or to our role with in it. However, in space, we 
have little choice. The United States will be the free 
world's principal agent and advocate in space, because there 
are no other likely alternatives. 

One body of opinion in the U.S. today would argue that 
there is no hurry. "Space will always be there, and meanwhile 
we have more pressing near term interests here on Earth, what 
is interesting to do scientifically can be done with robots at 
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much lower cost." Unfortunately for those who hold this 
opinion, times are changing rapidly, and there is history 
being made without us. The challenge in space can no longer 
be viewed as merely a scientific challenge as valuable as the 
science to be done will be. The challenge now is to both lead 
the human settlement of space and the environmental 
preservation of our home planet. 

Why the hurry? why stretch human technological and 
psychological reach to the limit? First and foremost, the 
answers are in the minds of young people who will carry us 
into the Third Millennium. The answers are in the generations 
now in school, now playing around our homes, now driving us to 
distraction as they struggle toward adulthood. They will 
settle the moon and then Mars. They will do this simply 
because they want to do this. They want to "be there". 

"Being there" remains the essential human ingredient in life's 
meaningful experiences . 

The desire to "be there" will drive our young people 
away from the established paths of history on a now too 
confining Earth. It will take them and their progeny to an 
infinity of opportunity among the planets and the stars. 

Video pictures and data streams from robots on Mars, no matter 
how good or how complete, will never be enough for the parents 
of the first Martians. Somewhere, those parents are alive 
today. Whether they now play on the steppes of Russia, on the 
river banks of China, or on the mountains, plains, and shores 
of America, or on a combination of all three, constitutes the 
most critical question of national will we face today. 

Thus, an answer to "why the hurry" also lies in the 
clear determination of the Soviet Union to establish its 
sovereignty in deep space and on Mars before the forces of 
freedom do so. The permanently occupied MIR space station, 
very long duration earth orbital flights by the cosmonauts, 
heavy lift launch vehicle testing, and their public emphasis 
of Mars exploration, leading to human visits early in the 21st 
Century, all tell us what the Soviets expect to do. In spite 
of all the real and perceived difficulties faced by the Soviet 
Union in the future, there is now reason to count on their 
failure in space. 

Perhaps the most important answer from the perspective 
of the physical welfare of the human species lies in the 
absolute moral and political requirement to provide the ever 
expanding population of Earth with an ever improving quality 
of life. We do not currently have the technical means to do 
this. We do not know how we are going to provide the ten 
billion human beings expected before the end of the 21st 
Century with both the hope and the reality that they will have 
defeated the four horsemen of worldwide disaster: poverty, 
hunger, disease, and ignorance. The essential ingredient for 
victory in this very human battle is environmentally 
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compatible energy. Fossil fuels, the rainforests, and 
conventional nuclear power cannot provide the answer without 
either unexceptable political conflict or potentially 
devastating consequences to the biosphere of the Earth. 

Fusion power plants fueled by helium-3 from the moon 
(Wittenberg, 1986) could supply the electrical energy human 
civilization will require to maintain and expand human quality 
of life as we enter the Third Millennium. Inherently safe and 
potentially low cost fusion reactors fueled by lunar helium-3 
also could become the basis for producing large quantities of 
continuously available electrical power in space, for highly 
efficient space propulsion to and from Mars, and for life 
giving by-products that insure the self sufficiency of 
settlements on the moon and Mars (Kulcinski, 1987). 

Furthermore, establishment of a permanent settlement 
on the moon, based on the production of helium-3 for use as an 
energy source on Earth fully supports the desire to live on 
Mars as soon as possible. 

First of all, most of the technology needed for the 
creation of a permanent lunar settlement with a resources 
production economy will support the technological requirements 
for establishing a Martian settlement. The compatible 
technologies include heavy lift launch vehicles, long duration 
surface habitats and mobility systems, resource production 
facilities, regular and routine capability to work in a 
hostile and dusty environment, and new concepts in equipment 
automation, reliability, longevity, and maintainability. 

Second, the direct and indirect by-products of 
helium-3 production from the lunar surface materials will 
provide a ready source of necessary consumables for Martian 
inhabitants prior to and possibly even after the creation of 
their own consumables industry. These lunar produced 
consumables include hydrogen, oxygen, nitrogen, carbon, and 
food . 

A preliminary extimate of the energy equivalent value 
of helium-3 today is about two billion dollars per metric 
tonne if matched against the cost of coal currently used to 
produce electricity in the United States. This is roughly 
equivalent to $14 per barrel oil at today's prices. Two 
billion dollars worth of fuel currently supplies the electrial 
power needs of the United States for about two weeks or of a 
city of 10 million for about one year. The foregoing 
estimates of value do not take into account the additional 
value of by-products from lunar helium-3 production or the 
spin-off value of related technologies. 


The principle advantages of the helium-3 fusion power 
cycle on Earth over other nuclear cycles include: 
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1. About 99 percent of the energy released is in 
charged particles (protons) that induce no 
radioactivity in other materials. 

2. High efficiency (70-80 percent) inenergy 
conversion due to the potential for direct conversion 
of protons to electricity, 

3. Less waste heat to be rejected due to high 
efficiency. 

4. The energy of each of the few neutrons released (1 
percent of total energy) is only one-fourth that 
released in other fusion cycles and such neutrons 
create no significant quantities of long lived 
radioactive waste. 

5. A potentially shorter time to licensed 
commercialization than for other fusion cycles due to 
the absence of significant radioactivity and waste 
heat . 


Estimates of the ultimate steady-state costs of 
delivering helium-3 to deuterium/helium-3 power plants on 
Earth run about one billion dollars per metric tonne. If such 
cost prove to be correct, such power plants will provide much 
lower cost electricity as well as much less environmental 
impact than other competing power sources proposed for the 
21st Century. 

The only major technical disadvantage of the 
deuterium/helium-3 fusion cycle is that the ignition 
temperature and confinement pressure required to initiate 
fusion is about four times higher that for the competing 
deuterium/tritium cycle. This disadvantage appears to be 
becoming less and less significant as new fusion confinement 
technologies are developed. In fact, a recent test in Great 
Britain produced a record 60 kilowatts of fusion energy using 
deuterium and helium-3 (G.L. Kulcinski, personal 
communication) . 

Sufficient helium-3 is available on Earth (largely 
from tritium decay and natural gas) for development and 
prototype testing of deuterium/helium-3 power plants. 
Therefore, the primary issues that must be addressed to 
determine the feasibility of a commercial helium-3 industry 
are, first, the technical and economic feasibility of 
deuterium/helium-3 commercial reactors and, second, the 
technical and economic feasibility of providing lunar helium-3 
to fuel such reactors. 

Historically, major extensions of the benefits of 
civilization have built on extensions of the existing 
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foundation of scientific and technical understanding. The 
creation of the pyramids, the aqueducts and roads of the Roman 
Empire, the Gothic Cathedrals, the industrial revolution, the 
airplane, the construction of the Panama Canal, the green 
revolution in agriculture, and controlled nuclear energy have 
followed this pattern. No less than these examples, Apollo 
exploration of the moon and the technological revolution 
brought about by space flight matched the experience and 
technology of the past with the imagination and research of 
the moment. 

New explorations at the frontiers of space, that is, 
in places and for times that are significantly beyond the 
technical capabilities of Apollo, Skylab, the Space Shuttle, 
and the space station also will require new technologies to 
augment those necessary to live and work in near Earth space. 
New and more rapid interplanetary rockets and new concepts of 
life support, mobility, and transportation will obviously be 
necessary. Foresight will be required to invest a reasonable 
proportion of available resources in these essential new 
technologies . 

In the political climate of the last two decades, 
however, it is probably appropriate to ask, "do the 
discussions of future large scale space activities have any 
actual relevance in the United States today?" This question 
is particularly topical in view of the very limited commitment 
to major space activities put forth in the recent 
congressional and presidential campaigns. 

Positive indications of the relevance of discussions 
related to space are found in the interest and motivation of a 
core of a few tens of thousands of technical, scientific, and 
philosophical advocates, in the extraordinary qualitative 
support of the American people for the space program, and in 
the historical imperative space imposes on free men and women. 

Polls and surveys indicate that 75% or more of the 
American people support a strong space program. 75% support 
for anything is almost beyond rational explanation. Space has 
the potential to excite and motivate almost anyone. 

Even if this overwhelming qualitative support did not 
exist, the question would still have to be asked, "if the 
Americans do not insure that free institutions are established 
elsewhere in the solar system, who else will guarantee that 
they will be?" Further, "if the Americans do not insure the 
ultimate survival of the Earth's biosphere, who else will 
guarantee that survival?" These fundamental points have been 
missed in almost all political and technical debates on the 
future course of the U.S. space effort. 

Unfortunately, the indications of a lack of current 
political relevance of any discussion about advanced space 
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technology are staggering as any regular reader of Aviation 
Week and the wall Street Journal will soon discover. 

First, few candidates for political office feel any 
need to address civilian space activities as a significant 
philosophical , political, or environmental issue. Nor do they 
feel the need to address any of the broad spectrum of other 
critical issues of the future. The short term vested 
interests dominate their view because that is where elections 
and re-elections are won or lost. 

Second, in spite of tentative commitments to it, the 
space station may lose its battle for domestic and 
international legitimacy — on the one hand, the 
Administration has failed to make an unequivocal domestic 
political case for a U.S. managed space infrastructure and, on 
the other hand, the Soviets have a ten year lead in space 
station capability with the permanently occupied MIR station 
already in orbit. 

Third, a U.S. heavy lift launch capability, critical 
to so many aspects of the future in space, does not exist. 
Again, the Soviets have a ten year lead in such capability 
which now includes an apparently competitive space shuttle. 

Fourth, no significant resources are being allocated 
to recasting the free world's space agenda toward the 
settlement of Mars while, once again, the Soviets have at 
least a ten year lead in planning and developing such a 
capability. 

Fifth, many national leaders are committed to severe 
limitation on the development of strategic defenses while the 
Soviets appear to be nearing a strategic defense breakout in 
ground based systems. 

Sixth, our national leaders as well as the armed 
services have been unable to recognized the values of 
integrated manned and automated space based systems in 
tactical and strategic defense doctrines while the Soviets 
continue to develop and exercise their decades old commitment 
to an integrated Earth and space military doctrine. As the 
CINCSPACE, General Piotrowski, has said recently, the Soviets 
can rapidly and effectively exercise control of space — the 
U.S. cannot do so. 

Seventh, no workable policy exists that would insure 
that the U.S. and its allies would have an assured supply of 
critical energy and materials and the related industrial base 
necessary to sustain either long term space activities or near 
term defense and economic activities (Mott Committee, 1988). 
Indeed, no national leader appears to recognize that this is 
even an issue, witness the limited factual basis for proposals 
related to southern Africa. 
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Even this list does not tell the whole terribly sad 
story as many of you know better than I. 

How did we fall so far from the dizzy heights of 
Apollo? 1970 was the fateful year history must mark as the 
year the nation's political leadership began to let our space 
momentum and maybe our national destiny slip away. 

Ironically, the people of Apollo, in spite of their 
spectacular success in meeting President John Kennedy's 
challenge, "to put men on the moon and return them safely to 
Earth," had lost the media and political support necessary to 
build on their accomplishments. 

Once Apollo missions began to be canceled and the 
industrial base to utilize the Apollo technology base started 
to be dismantled, the opportunity to lead humankind into space 
began to slip away. Even the reluctant decision by the Nixon 
Administration to build the Space Shuttle, and the equally 
reluctant decision by the Carter Administration to continue, 
were made out of context relative to any grand design for our 
future in space. The underfunding of the Shuttle development 
program, by at least a factor of three less than prudent 
estimates of the time, was the direct consequence of this 
hesitant and uncomprehending political environment. The seeds 
of the Challenger accident were sown by these events. Their 
tragic harvest sixteen years later is a stark indictment of 
all who let this drift in space policy begin and continue. 

America, like Ebenezer Scrooge, still has time to 
change this spector of history yet to come. So, rather than 
conclude on the preceeding pessimistic recital of history and 
current reality, let me return to the areas of technological 
challenge before America and the possibilities for progress 
before the humankind by referring back to the hypothetical 
State of the Union Address. 


"Our Millennium Project combines space ventures to the 
Earth, moon, and Mars into a single great human 
mission — a mission to save the atmosphere, waters, 
and rainforests of Earth, a mission to settle the moon 
and utilize it resources for the benefit of all, and a 
mission to establish human civilization and freedom 
permanently on Mars. 

"Our commitment to the success of The Millennium 
Project must be unequivocal. It must include an 
equally unequivocal commitment to carry the sacred 
institutions of freedom with us as humankind expands 
into its larger home among the planets and the stars." 
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SYSTEMS ANALYSIS 



SPACE RESEARCH & TECHNOLOGY BASE 



ANDIDATE EXAMPLES FOR FUTURE EMPHASIS 


SOFTWARE ENGINEERING 

HIGH TEMPERATURE SUPERCONDUCTORS 

OPTICS 

COMPUTATIONAL CONTROLS 
NDE/NDI 

TECHNOLOGY FOR SELF REPAIR 

BASIC RESEARCG IN "INHERENT RELIABILITY" 

MICROSAT TECHNOLOGY 

WORLD MODELING DATA SYSTEMS 
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BACKGROUND 






• THE FIRST STEP IN REVITALIZING THE NATION'S 
CIVIL TECHNOLOGY BASE 


• WILL FILL IN GAPS IN MANY TECHNOLOGY AREAS 


• FOCUSED TECHNOLOGY EFFORT, WILL RESULT IN 
DEMONSTARTED / VALIDATED TECHNOLOGIES 
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MISSION NEEDS 




TRANSPORTATION TO LOW EARTH ORBIT 

• PROPULSION 

• AEROBRAKING 

OPERATIONS IN LOW EARTH ORBIT 

- AUTONOMOUS SYSTEMS 

- TELEROBOTICS 

- POWER 

SCIENCE 

- STRUCTURES 

- SENSORS 

- DATA SYSTEMS 
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UNIVERSITY SPACE ENGINEERING 
RESEARCH PROGRAM 


• INTEGRAL PART OF STRATEGY TO REBUILD R&T BASE 

- INCREASE NUMBER OF ENGINEERING GRADUATES 

- INCREASE INVOLVEMENT OF UNIVERSITIES IN CIVIL SPACE PROGRAM 


• LONG TERM FUNDING ENCOURAGES UNIVERSITY COMMITMENT 


UNIVERSITY INVOLVEMENT ADDS VALUE 

• SPACE R&T 

• INNOVATIVE/CREATIVE APPROACHES 

• PARTICIPATION FROM WIDE RANGE OF ENGINEERING AND 
SCIENTIFIC FIELDS 

- UNIVERSITY 

• IMPROVES CURRICULA 

• GREATER RELEVANCE OF RESEARCH TO CIVIL SPACE NEEDS 


UNIVERSITY SPACE ENGINEERING 
RESEARCH PROGRAM 


UNIVERSITY Of ARIZONA 


CENTER FOR UTILIZATION OF LOCAL PLANETARY RESOURCES 


UNIVERSITY OF CINCINNATI 

UNIVERSITY OF COLORADO, 
BOULDER 

UNIVERSITY OF IDAHO 

MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


HEALTH MONITOR WG TECHNOLOGY CENTER FOR SPACE 
PROPULSION SYSTEMS 

CENTER FOR SPACE CONSTRUCTION 


VERY LARGE SCALE INTEGRATED HARDWARE ACCELERATION 
CENTER FOR SPACE RESEARCH 

CENTER FOR SPACE ENGINEERING RESEARCH FOCUSED 
ON CONTROLLED STRUCTURES TECHNOLOGY 


UNIVERSITY OF MICHIGAN 


CENTER FOR NEAR MILLIMETER WAVE COMMUNICATION 


NORTH CAROLINA STATE AT RALEIGH 
A NORTH CAROLINA AGRICULTURAL 
& TECHNICAL STATE UNIVERSITY 


MARS MISSION RESEARCH CENTER 


PENNSYLVANIA STATE UNIVERSITY CENTER FOR SPACE PROPULSION ENGINEERING 


RENSSELAER POLYTECHNIC 
INSTITUTE 


INTELLIGENT ROBOTIC SYSTEMS FOR 
SPACE EXPi ORATION 
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STRATEGY 






EXPAND UNIVERSITY PROGRAMS 



GROWTH FOR NINE INCUMBENT UNIVERSITY 
ENGINEERING RESEARCH CENTERS AWARDED 
IN APRIL, 1988 


ADD NEW AREAS OF PROGRAMMATIC INTEREST 


• BROADEN UNIVERSITY SUPPORT TO INCLUDE 
INDIVIDUAL INNOVATION IN RESEARCH 


IN-SPACE EXPERIMENTS IN OAST 




IN-SPACE EXPERIMENTS HAVE ALWAYS BEEN PART OF OAST'S 
PROGRAM 


TO OBTAIN DATA THAT CAN NOT BE ACQUIRED ON THE GROUND 
TO DEMONSTRATE FEASIBILITY OF CERTAIN ADVANCED TECHNOLOGIES 


• CONDUCTING TECHNOLOGY EXPERIMENTSS IN SPACE IS A 
VALUABLE AND COST EFFECTIVE WAY TO INTRODUCE 
ADVANCED TECHNOLOGY INTO FLIGHT PROGRAMS 

• THE SHUTTLE HAS DEMONSTRATED THE FEASIBILITY AND 
TIMELY BENEFITS OF CONDUCTING HANDS-ON EXPERIMENTS 
IN SPACE 


. SPACE STATION WILL BE A PERMANENT LABORATORY IN SPACE 
AND WILL PROVIDE LOGICAL AND EVOLUTIONARY EXTENSION 
OF GROUND BASED R&T IN SPACE 
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NASA POLICY ON ROLE OF SPACE TECHNOLOGY 

- 


... "IT WILL BE NASA'S POLICY TO SUPPORT THE DOD AND SPACE 
INDUSTRY THROUGH COMPETITIVE R&T PROGRAMS JUST AS WE 
DO IN AERONAUTICS"... 


...' WE CAN BE PARTICULARLY EFFECTIVE IN ESTABLISHING 
CLOSER TIES WITH INDUSTRY AND THAT IS THE USE OF THE SHUTTLE 
FOR IN-SPACE EXPERIMENTS.... WHICH WILL LEAD QUITE NATURALLY 
TO USING THE SPACE STATION FOR TECHNOLOGY AND ENGINEERING 
EXPERIMENTS"... 


..."TO BEGIN IMPLEMENTING THIS POLICY, I HAVE ASKED ..(OAST).. 
TO INCREASE OUR EMPHASIS ON IN-FLIGHT EXPERIMENTS"... 


MEMORANDUM FROM THE ADMINISTRATOR 
APRIL 3, 1984 
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• NASA EXPERIMENTS 

- ARISE FROM THE R&T BASE OR FOCUSED PROGRAMS 

- INCLUDE PRESENTLY ONGOING EXPERIMENTS 


INDUSTRY/UNIVERSITY EXPERIMENTS 

- FOLLOWING THROUGH ON OUR COMMITMENTS IN THE 
OUT-REACH PROGRAM 


• INTERNATIONAL EXPERIMENTS 

- COOPERATIVE ACTIVITIES WITH OUR ALLIES 
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NASA IN-SPACE TECHNOLOGY EXPERIMENTS 


m5&3g>s333Z 


INCORPORATES PRESENTLY ON-GOING IN-SPACE 
R&T PROGRAM 


• ORBITER EXPERIMENTS PROGRAM (OEX) 

- LONG DURATION EXPOSURE FACILITY (LDEF) 

- LIDAR IN-SPACE TECHNOLOGY EXPERIMENT (LITE) 

- ARCJET AUXILIARY PROPULSION SYSTEM 

- EXPERIMENTS SELECTED FROM IN-REACH SOLICITATION 

FUTURE EXPERIMENTS WILL CONTINUE TO ARISE 
AS A NATURAL EXTENSION OF R&T BASE AND 
FOCUSED PROGRAMS 


CIVIL SPACE TECHNOLOGY INITIATIVE (CSTI) 
PATHFINDER 


INDUSTRY/UNIVERSITY IN-SPACE EXPERIMENTS 




PROVIDE ACCESS TO SPACE FOR INDUSTRY AND 
UNIVERSITIES TO DEVELOP SPACE TECHNOLOGY 


ENTHUSIASTIC RESPONSE OF AEROSPACE COMMUNITY TO 
OUT-REACH SOLICITATION 


OAST HAS COMMITTED TO AEROSPACE COMMUNITY 
TO SERVE AS CONDUIT FOR TECHNOLOGY DEVELOPMENT 
IN SPACE 


PERIODIC RESOLICITATIONS TO INDUSTRY/UNIVERSITY 
COMMUNITY FOR EXPERIMENT DEFINITION, DEVELOPMENT, 
AND FLIGHT 
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• ENSURE INNOVATIVE R&T BASE 


• VALIDATE TECHNOLOGY FOCUSED ON ENABLING 
NEW MISSIONS 


• BUILD STRONGER LINKAGES TO EFFECTIVELY 
TRANSFER NEW TECHNOLOGIES TO USERS 


• EXPAND UNIVERSITY PROGRAMS 


• STEP UP TO COMMITMENT AS LEADER FOR 

TECHNOLOGY DEVELOPMENT ON SPACE STATION 
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SUMMARY 
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& Em mm 



• EQUITABLE AGENCY TECHNOLOGY INVESTMENT 
ESTABLISHED 


• OAST IN TECHNOLOGY LEADERSHIP ROLE FOR AGENCYY 


• COOPERATIVE TECHNOLOGY HAND-OFF AGREEEMENTS 
ESTABLISHED WITH USERS 


• COORDINATION WITH NATIONAL SPACE SECTORS WELL 
ESTABLISHED 


• OAST RECOGNIZED AS NATIONAL FOCAL POINT FOR 
IN-SPACE TECHNOLOGY DEVELOPMENT 
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STATUS: 




• OBTAIN BASIC AEROTHERMODYNAMIC & ENTRY 
ENVIRONMENT DATA FROM R&D INSTRUMENTATION 
INSTALLED IN SPACE SHUTTLE ORBITER 

• FLIGHT-VALIDATE GROUND TEST RESULTS TO 
IMPROVE BASIS FOR DESIGN OF ADVANCED 
SPACECRAFT 


• DATA COLLECTION ON-GOING SINCE 1985 - Vi 
CONTINUE INTO 1990’S 

• SOME EXPERIMENTS STILL TO BE DESIGNED 
& DEVELOPED 


• ROBERT SPANN 

JOHNSON SPACE CENTER 
PHONE # (713) 483-3022 


LITE 

LIDAR IN-SPACE TECHNOLOGY EXPERIMENT 




STATUS; 


EVALUATE CRITICAL ATMOSPHERIC PARAMETERS & 
VALIDATE OPERATION OF A SOLID-STATE LIDAR SYSTEM 
FROM A SPACEBORNE PLATFORM, MEASURING: 

- CLOUD DECK ALTITUDES 

- PLANETARY BOUNDARY-LAYER HEIGHTS 

- STRATOSPHERIC & TROPOSPHERIC AEROSOLS 

- ATMOSPHERIC TEMPERATURE & DENSITY 

(10KM TO 40KM) 


LASER TRANSMITTER MODULE, CASSEGRAIN TELESCOPE, 

& ENVIRONMENTAL MONITORING SYSTEM IN DEVELOPMENT 

FLIGHT MANIFESTED FOR 1993 


RICHARD R. NELMS 
LANGLEY RESEARCH CENTER 
PHONE NO. (804) 865-4947 
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LEROB 



TRIIFEX 

INTELLIGENT INTERFACE 


IGHT EXPERIMENT 


STATUS: 


EVALUATE & VALIDATE TELEOPERATION OF A ROBOTIC 
MANIPULATOR UNDER CONDITIONS OF MICRO-G & 
COMMUNICATION TIME DELAYS 

VALIDATE ADVANCED SPACE TELEROBOT CONTROLS 

INCLUDING HIGH-FIDELITY HYBRID POSITION & FORCE 
CONTROL TECHNIQUES 


CONCEPTUAL DESIGN IN PROGRESS AT JPL 

DEVELOPMENT & INTEGRATION SCHEDULED TO START IN 
LATE 1988 

FLIGHT TEST PLANNED IN COMBINATION WITH GERMAN 
ROTEX EXPERIMENT ON SPACELAB D-2 MISSION (1991) 


DANIEL KERRISK 

JET PROPULSION LABORATORY 

PHONE NO. (818) 354-2566 


CFMFE 

CRYOGENIC FLUID MGMT FLIGHT EXP 


. - = ===== - 


• DEVELOP TECHNOLOGY REQUIRED FOR EFFICIENT 

STORAGE, SUPPLY & TRANSFER OF SUBCRITICAL 
CRYOGENIC LIQUIDS IN LOW-GRAVITY SPACE 
ENVIRONMENT 

• FLIGHT VALIDATE NUMERICAL MODELS OF THE PHYSICS 

INVOLVED 


STATUS: 


• CONTRACTOR FEASIBILITY STUDIES CURRENTLY 

UNDER WAY 

• 1992 NEW START PROPOSED 




E. PAT SYMONS 

LEWIS RESEARCH CENTER 

PHONE NO. (216) 433-2853 
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UT-REACH EXPERI MENTS 


Dec. 1985 
Oct. 1986 
Jan. 1987 


Sept. 1987 


Sept. 1987 


IN-STEP 85 WORKSHOP 

REQUEST FOR INDUSTRY/UNIVERSITY PROPOSALS 

231 PROPOSALS FOR IN-SPACE EXPERIMENTS 
<140 FROM INDUSTRY & 91 FROM UNIVERSITIES) 

SELECTED 5 PROPOSALS FOR DEVELOPMENT OF 
FLIGHT EXPERIMENT HARDWARE 

- TANK PRESSURE CONTROL EXPERIMENT 

BOEING AEROSPACE COMPANY/ LeRC 
• MID-DECK 0-G DYNAMICS EXPERIMENT 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY/LaRC 

- INVESTIGATION OF SPACECRAFT GLOW 

LOCKHEED MISSILE & SPACE COMPANY/JSC 

- HEAT PIPE THERMAL PERFORMANCE 

HUGHES AIRCRAFT COMPANY/GSFC 

- EMULSION CHAMBER TECHNOLOGY EXPERIMENT 

UNIVERSITY OF ALABAMA IN HUNTSVILLE/MSFC 

SELECTED 36 PROPOSALS FOR DEFINITION OF 
FLIGHT TECHNOLOGY EXPERIMENTS 

- STUDIES TO BE COMPLETED IN SEPT. 1989 

- SOLICITATION FOR DEVELOPMENT OF FLIGHT 
HARDWARE OPEN TO ENTIRE COMMUNITY 


FIRST SOLICITATION REVIEW 


• SIGNIFICANT EXPENDITURE BY INDUSTRY 

& UNIVERSITIES (231 PROPOSALS) 

• APPROX. 250 NASA SCIENTISTS & TECHNOLOGISTS 

INVOLVED IN TECHNICAL EVALUATIONS 

• NEW SOLICITATION BETWEEN DEFINITION & 

DEVELOPMENT ADDS MORE PROPOSAL COSTS 

• GENERAL TECHNOLOGY SOLICITATION TOO BROAD 

(SHOTGUN APPROACH TO TECHNOLOGY 
DEVELOPMENT) 
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REVISED APPROACH 


• DEFINE & PRIORITIZE CRITICAL SPACE TECHNOLOGY 

DEVELOPMENT REQUIREMENTS FOR FUTURE 
SPACE MISSIONS 

• USE PRIORITIZED LISTING TO FOCUS FUTURE 

TECHNOLOGY DEVELOPMENT & IN-SPACE 
FLIGHT TECHNOLOGY EXPERIMENTS 

• FUTURE SOLICITATIONS FOR DEFINITION OF 

FOCUSED IN-SPACE FLIGHT TECHNOLOGY 
EXPERIMENTS 

• DOWN-SELECT BETWEEN COMPETING EXPERIMENTS 

FOR CONCEPTUAL DESIGN PHASE & FLIGHT 
HARDWARE DEVELOPMENT PHASE 
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SUMMARY 




• LONG & SUCCESSFUL HISTORY IN THE 

CONDUCT OF SPACE FLIGHT 
TECHNOLOGY EXPERIMENTS 

• PROGRAM IS BEING EXPANDED TO 

EMPHASIZE THE DEVELOPMENT OF 
ADVANCED SPACE FLIGHT TECHNOLOGIES 


• OAST PLANS TO PROVIDE ACCESS TO SPACE 
FOR THE AEROSPACE TECHNOLOGY 
COMMUNITY (NASA, DOD, INDUSTRY & 
UNIVERSITIES) 


USER ROLE - STRATEGIC PLANNING 
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OAST IN-SPACE TECHNOLOGY PROGRAM PHASES 


EflQGMM DEVE L OPM E NT 


ERQJ£g.QlANAS£MEtJI 


AO'S 


/TECHNOLOGY CONCEPT 
/ REVIEW 


FLIGHT EXPERIMENT 
REVIEW 



TECHNOLOGY THEME 
WORKING GROUPS 


CRITICAL FLIGHT 

EXPERIMENT 

ROADMAPS 

AO PREPARATION 


/technical 

REQUIREMENTS 


HARDWARE 

IDEAS 

PRELIMINARY 
PROJECT PLAN 


ENGINEERING 

REQUIREMENTS 

DEFINED 

FEASIBILITY 

ESTABLISHED 


HARDWARE 

CONCEPTUAL 

DESIGN 

PHASE 0 

SAFETY PACKAGE 


FLIGHT HARDWARE 
DESIGN, FABRICATE, 
INTEGRATION, & TEST 

OPERATIONS 


DATA ANALYSIS 
& REPORT 
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• MATERIALS R&D 

• ADVANCED RADIATOR AND POWER SYSTEM 

• ADVANCED PROPULSION SYSTEMS 

• TECHNOLOGY PAYLOADS WITH STRONG MAGNETIC FIELDS 

• LASER SYSTEMS - OPTICAL COMMUNICATION 

• ELECTRON BEAMS, WAVE GENERATION, ETC. 

• INTERNAL TECHNOLOGY PAYLOADS - RADIATION, SEU 

• 


ADVANCED ECLS SUBSYSTEMS 
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Space Station Freedom User/Payload Integration & Accommodations 


Alan C. Holt, Deputy Director (Acting), User integration Division 
Utilization & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 


MANNED BASE ATTACHED PAYLOAD ACCOMMODATIONS 




CLASS PAYLOAD FEATURES 

MAJOR • LARGE 

• REQUIRES MAJOR APAE RESOURCES 

• ACTIVE THERMAL COOLING 

• SOME NEED PPS FOR POINTING 

• LONG STAY 


• SMALL 

SMALL AND/OR • NO ACTIVE THERMAL COOLING 

RAPID • MODEST POWER/DATA RESOURCES 

RESPONSE • VARIETY OF HELDS OF VIEW 

• SET ASIDE RESOURCES 


• CAN BE VERY SMALL IN SIZE 

(LIKE ACCELEROMETER) 

DISTRIBUTED * * NON-STANDARD LOCATIONS 

SENSOR • MODEST POWER/DATA RESOURCES 

• CAN BE ANALYTICALLY INTENSIVE 

• CAN HAVE UNIQUE PACKAGING 
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MANNED BASE ATTACHED PAYLOAD ACCOMMODATIONS 


DESIGNED FOR: 


MULTIPLE PAYLOADS 



MAJOR 




POINTING 

PAYLOADS 


COMPATIBLE PAYLOADS VIA * 
L 


APAE DESIGNED TO SUPPORT UP TO 25,000 LB PAYLOAD 



• PROVIDES: lOkW POWER 

50 MBPS DATA RATE 
10 kW ACTIVE COOLING 


PAYLOAD(S ) 


STRUCTURAL SUPPORT FOR POINTING CAPABILITY (60 ARC SEC 
ACCURACY) FOR 6000 kg PAYLOAD 



MULTIPLE RAYLOAD/DECK CARRIER 
CONFIGURATION 


CONTAMINATION MONITORING UNIT (CMU) 
(PAYLOAD DEPENDENT) 


DECK CARRIER 




- payloads 


MULTIPLE PAYLOAD ADAPTER (MPA) 
SS PROVIDED INCLUDES SIC AND 
OPTIONAL COLD PLATE 


PAYLOAD INTERFACE ADAPTER (PIA) 


SYSTEM SUPPORT MOOULE 
"'ELECTRICAL POWER/DATA ORU 


SYSTEM SUPPORT MOOULE 
THERMAL ORU v 





STATION INTERFACE ADAPTER (SIA) 
(INSTALLED ON SSFMB VIA EVA) 
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Alan C. Holt, Deputy Director (Acting), User Integration Division 
Uttlzatlon & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 

PAYLOAD POINTING SYSTEM (PPS) 


PPS PAYLOAD ACCOMDATION CAPABILITIES 

• 1 ARC MINUTE POINTING ACCURACY 

• 30 ARC SECOND P0NT1NG STABILITY 
(OVER 1800 SECS) 

• 15 ARC SECOND/SECOND JITTER 

• 3 AXES 

> 5 kW OF POWER/ACTIVE COOLING 

• 50 MEGABITS HIGH RATE DATA/IMAGERY 

• 6000 KG PAYLOAD -3 METERS WIDE, 

C.G. TO BASE 2.5 METERS 

• ACCEPTS PAYLOAD SENSOR INPUT FOR POINTING 



CAPABILITY TO ADD TRUSS STRUCTURE TO ENHANCE 
ATTACHED PAYLOAD VIEWING AND CLEARANCE 
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JAPANESE EXPERIMENT MODULE 



SMALL AND RAPID RESPONSE PAYLOADS 






TRUNNION/KEEL (T/K) SARR PAYLOAD: 

FIT INTO 4M X 1.25M X 2M ENVELOPE (MAX VOL <10M3) 
- 900 KG 
< 900 WATTS 

S 0.3 MBPS UPLINK/2.0 MBPS DOWNLINK 
S 100 MBYTES DATA STORAGE/ORBIT 
CAN ACCOMMODATE MORE THAN ONE PAYLOAD 
RMS GRAPPLE FIXTURE (ON T/K CARRIER) 


GENERIC (GEN) SARR PAYLOAD: 

FIT INTO 1.25 M X 1.25 M X 1.25 M ENVELOPE (MAX VOL s; 2 M3) 
<; 300 KG 
<; 300 watts 

< 0.3 MBPS UPLINK/2.0 MBPS DOWNLINK 

<, 100 MBYTES DATA STORAGE/ORBIT » 

ORU COMPATIBLE l/F (ORU TOOL) | 
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Interface or 
Physical 
Constraint 


Weight 


Volume Limitations 
Physical Dimensions 
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Space Station Freedom User/Payload Integration & Accommodattons 


Alan C. Holt, Deputy Director (Acting), User Integration Division 
Utilization & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 


SMALL AND RAPID RESPONSE PAYLOADS 




PAYLOAD 



Thermal Coolin 


Power Constraint 



Data Rales 
Downlink 
Uplink 


Access to Pressurized 
Module 


Pointing Capability Provided 
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TRIAL PAYLOAD MANIFEST, U.S. LABORATORY 
MODULE: AFTER OUTFITTING FLIGHT OF-1 



COMMAND/CONTROL 
WORKSTATION DESIGN CONCEPT 


DMS Fixed MPAC Components 

■ Three 15 M color CRTs 

■ QWERTY keyboard 

■ Trackball 

■ Hand controllers 

■ Processor 

■ Safely-crJUcal D&C 

■ Hard-copy prlnter/plolter 

Other Components 

■ Video recorders 

■ Audio recorders 

■ Lighting 

■ Crew restraints 


Functions 

■ Subsystem management, customer support, proximity operations, 
telerobotlc (MSC, FTS) control, external operations support 
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Space Station Freedom User/Payload Integration & Accommodations 

Alan C. Holt, Deputy Director (Acting), User Integration Division 
Utilization & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 


COMMAND/CONTROL 
WORKSTATION DESIGN CONCEPT 


Key MPAC Requirements 

■ Alphanumeric* 

■ Graphics 

■ Animation 

■ Integrated Video, Graphics, Text 

■ Color Displays 

■ Windowing 

■ Voice Input 

■ Voice Output 

■ 3D Graphics 

■ Run the DMS USE Software 
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Space Station Freedom User/Payload Integration & Accommodations 

Alan C. Holt, Deputy Director (Acting), User Integration Division 
Utilization & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 


INTERNAL SARR PAYLOAD REQUIREMENTS 


LOCATION REQUIREMENTS: 

DEDICATED STANDARD DOUBLE RACK FOR UP TO 10 INTERNAL 
SARR PAYLOADS. RACK SHALL BE CAPABLE OF BEING 
RECONFIGURED ON ORBIT TO SUPPORT STANDARD SARR 
PAYLOADS. 

RESOURCE PROVISIONS FOR DEDICATED STANDARD DOUBLE 
RACK: 

17 IT +4 * ***** »l t»U13-W A 

f Mffl WF SARR l 

III*- MDDECK MOOECK MDDECK SARR 1 

£ LOCKER LOCKER IOCKER _J 

MDDECK MDDECK MOOECK SARR MAXIMUM 

UXJtER IOCKER IQCKCH __ l RESOURCES 

SARR SARR \ ARE 

MOOECK MDDECK Ml Hr SARR > ...V-rlr.!, 

IOCKER IOCKER f WITHIN 

“SST ~55T / BASELINE 

MDDECK MDDECK SARR f 1 / m a iirQ 

LOCKER IOCKER I fMLUCO 


FRONT VIEW 


NO ACTIVE COOLING (STANDARD RACK AIR COOLING ONLY) 


CUPOLA WORKSTATION CONCEPT 


Key Cupola MPAC Reqfs 

■ Alphanumerlcs 

■ Graphics 

■ Animation 

■ Video 

■ Telerobotics Control 

■ OMV Piloting 

■ MSC Control 

■ Run the DMS USE Software 




DMS Cupola MPAC Component 


Two 15" TFEL Displays 
Two QWERTY keyboards 
Two Trackballs 
Hand controllers 
Processor 


Other Components 

■ Lighting 

■ Crew restraints 
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Microgravity Quasi-Static Isogravity Contours (xIO 4 G) 
(June, 1999, Altitude 230 n. miles) 

Front View 



- 

j 

I;#-' 1 >' 

r"‘ 

r 

Microgravity Quasi-Static Isogravity Contours (x10 4 G) 
(June, 1999, Altitude 230 n. miles) 

Side View 
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Microgravity Quasi-Static Isogravity Contours (xIO'G) 
(June, 1999, Altitude 230 n. miles) 

Close-up of U.S. Laboratory 



SPACE STATION ELECTROMAGNETIC COMPATIBILITY 
AND ENVIRONMENTAL INTERACTIONS STUDY 


NATURAL ENVIRONMENTS 

- NEUTRAL 

- PARTICULATE 

- RADIATION 

- MAGNETIC FIELD 

- PLASMA 

- EM RADIATION 
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INDUCED ENVIRONMENT NEAR LARGE SURFACES (ANDERSON [ 1984 ]) 



PARAMETERS 


NEUTRAL DENSITY. 10 5 
loir 


P1ASMA DENSITY. AS HIGH AS 5 * I0 6 

cm 3 


MEASURED 


AS LOW MEASURED 
AS 10 


HIGH VOLTAGE 

SHORTS. 

CONTAMINATION 


POWER LOSS. 
ARCING 


PLASMA WAVES 


ENERGETIC 

PARTICLES 


20 Hi 300 KH* 
(2?V/m)'/MHz A I PEAK 


MEAN ENERGY OF ELECTRONS I LOW 
10 100 «V 

FLUX; 10 fl /cm ? sec sier eV 
MF AN ENERGY OF IONS 
10 30 «V 


MEASURED 

ELECTROSTATIC 

WAVES 


EM BACKGROUND 
NOISE 
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POTENTIAL ENVIRONMENTALLY ACTIVE PAYLOADS 


ASTROMAG (EARLY ATTACHED PAYLOAD CANDIDATE) 

• ENERGY STORED BY MAGNETIC FIELD: 10 MEGA JOULES 

• MAXIMUM MAGNETIC FIELD INTENSITY: 70,000 GAUSS 

• FIELD CONFIGURATION: QUADRUPOLE, DECREASES TO 
EARTH'S MAGNETIC FIELD INTENSITY AT 15 METER DISTANCE 




(LATER ATTACHED PAYLOAD CANDIDATE) 

• ELECTRON BEAMS 

• WAVE GENERATORS - GROWTH VERSION UP TO 50 KW POWER 
REQUIREMENT 




PAYLOAD ANTICIPATED) 
HIGH MAGNETIC FIELD INTENSITIES 


h~jlj: 1 =L'. 1 1 33 j 1 M < 33 E 


SUBSYSTEM TECHNOLOGY TESTS (CANDIDATE PAYLOAD 
ANTICIPATED) 

• HIGH MAGNETIC FIELD AND ELECTRIC FIELD INTENSITIES 


ORIGINAL PAGE IS 
OF POOR QUALfTY 
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INDUCED ENVIRONMENTAL EFFECTS OF ACTIVE 
TECHNOLOGY PAYLOADS - TOP VIEW 



SPACE STATION FREEDOM 
GROWTH CAPABILITIES / TECHNOLOGY PAYLOADS 


• REPAIR AND CONDUCT RESUPPLY AND REFUELING OPERATIONS 
FOR FREE FLYERS AND CO-ORBITING PLATFORMS 

• EXTENSIVE REPAIR WORK FOR ATTACHED PAYLOADS 

• ASSEMBLY OF UPPER STAGES AND PAYLOADS 


m ; m gq EMmI rasH IB 


• URGE CRANE FOR POSITIONING 

• ADDITIONAL MOBILE ROBOTICS 

• CAPABILITY TO ASSEMBLE LARGE ANTENNAS, PHASED ARRAY 
OPTICAL SYSTEMS 




USER SUPPLIED OR STATION SUPPLIED PLATFORM TO CONDUCT 
PARTIAL OR FULLUP TESTS OF ADVANCED PROPULSION AND 
POWER SYSTEMS 

TESTING OF TECHNOLOGY INVOLVING HAZARDOUS MATERIALS OR 
OPERATIONS OR REQUIRING ORBITAL DYNAMICS NOT SUPPORTED 
BY THE STATION 
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SPACE STATION FREEDOM POLAR PLATFORM 






SKP TRUSS DERIVATIVE CONFIGURATION 
(WITH HRSO) 
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Assembly of Large Deployable Reflector 


liPfl 

mm 






Assembly of Large Deployable Reflector - II 
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SPACE STATION WITH CANDIDATE MANNED 
MARS CONFIGURATION 



Manned Mars Accommodation Study 

PROPELLANT TANK FARM 


CO-ORBITING PROPELLANT TANK FARM RECOMMENDED TO 
STORE AND TRANSFER PROPELLANTS FOR MANNED MARS 
MISSION 
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Space Station User Integration Process 

Process Description! 


m jrACE^TATj^N t FKEED^ 
UTILIZATION A OPERATIONS 



• SCOPE 

0 End to End User Integration Is the Process Which: 

▼ Enables a User to Conduct Research, Development or 
Commercial Activities on the Station. 

T Includes All Interactions Between the SSP and the 
User/User Sponsors 

T External Activities Beginning with the User's Initial Contact 
With the SSP and Continuing Until Exit from the Program. 

0 The Integration Process Shall Provide a "Level Playing Field", 
with Payloads having similar Physical and Operational 
Requirements following the Same Path. 


Space Station User Integration Process 

Process Description^ 


_SPACESTATION^REEOO^ 
UTILIZATION A OPERATIONS 



• PROCESS DEVELOPMENT GOAL: 

0 Provide a Process for User Integration Which: 

▼ Supports a Diverse User Community, Including Rapid 
Response Research (QIB) 

T Enables high priority research and development supporting 
national objectives and future missions. 

▼ Minimizes the Burden on the Users (Data, Meetings, etc.) 

▼ Provides single point of contact for Shuttle and Station 
Integration 

▼ Does Not Compromise Safety 

▼ Incorporates Lessons Learned from Past Programs 

▼ Recognizes Constraints Imposed by the Physical 
Requirements of Payload Integration 
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Space Station User Integration Process 


Integration Process Overview 




E STATION FREEDO 


UTILIZATION A OPERATIONS 



Consider as Multiple Processes : 

0 Payload Accommodation Assessment 

- Verify station or platform capabilities can accommodate payload 
requirements 

- Identify deficiencies and potential station enhancements or potential 
reduction in payload requirements required 

0 Payload Development 

- Payload DDT&E Conducted by Developer, PI 

- Driven by Experiment Goals, Development Resources 
0 Analytical Integration 

- Engineering Analysis (Loads, Thermal, EMI, Contam., etc.) 

- Verify SAW Design 

- Analytical Support of Certification/Verification 

0 Payload Integration, Test & Verification 

- Safety Certification 

- Verify P/L Design for Transportation, On-orbit Ops 

- Ensure that P/L Of>s, Failures Will Not Endanger Crew, Station, Other 
Payloads (FMEA's, Failure Propagation, Debris Impacts, Etc.) 

0 Physical Integration 

- Perform Required P/L to Rack, Carrier Integration 
0 Payload Operations 

- On-orbit Payload Installation & C/O 

- Conduct Experiment Runs, Gather Data 

- Telescience & On-orbit Control 

- Safing, Deintegration & Return to Developer 

0 Post Flight Debriefing, Lessons Learned, and Data Analysis 




OAST Technology For the Future 
Part 1: Executive Summary & Experiment Descriptions 


Executive Summary 


Space Station Freedom User/Payload Integration & Accommodations 

Alan C. Holt, Deputy Director (Acting), User Integration Division 
Utilzatlon & Operations Group 

NASA Space Station Freedom Program Office, Reston, Virginia 


Space Station User Integration Process 


User Support Features j 


STAGE STATION FREEDOM 


UTILIZATION A OPERATIONS 



0 Standardized Flows for Payload Classes 

• Payloads Integration Flows Optimized for Level of P/L 
Complexity 

• Streamlined Flows for Rapid Response Research Payloads 

- Payloads Meet Pre defined Constraints 

- Users of Existing FacMties 

0 Payload Accommodations Manager 

• Single Point of Contact Between User/Sponsor & SSP 

• Assists User During All Phases After Selection 
0 Science & Technology Centers 

• Conduct Tests, Modelling, Physical Integration for User 

• Both Gov't and Commercial (NASA Approved) Entities 
0 Payload Operations 

• Payload Operations Conducted by User (Telescience) 

• Overall Coordination, Safety Monitoring Provided by POIC 

• Distributed User Locations 

0 Computer Supported Document Preparation, Reviews 

• Use of Expert Systems as Appropriate (“Smart Documents") 


Space Station User Integration Process 


"Beat The System” | 


SPACE STATION FREEDOM 


UTI1JZATION A OPERATIONS 



0 TWO PATHS TO SIMPLE INTEGRATION, RAPID FLIGHTS 

• Use an Existing "Facility Class Payload" 

1 Freedom is a Long Duration “Orbital International Research and 
Development Lab* 

- Analogous to: Argonne National Laboratory, LaRC, Kitt 

Peak, LeRC, etc. 

f Major Facilities and Lab Support Equipment Available: 

- Truss Payload Accommodation Equipment, Payload 
System, Mobile Servicing Center, Flight Telerobotic 
Servicer, SS Fumance Facility, EVA Servicing, Glovebox, 
etc. 

1 Use of Existing Facilities Requires Integration of Sample, 
Procedures: hio DDT&E, Certification of Unique Hardware 

• Deslgn/Bulld an "R 3 " Payload 

3 

| "R = Rapid Response Research: Payloads Defined to 
Established Guidelines (extension of GAS, STS Mid deck) : 

| Simple, Standard Interfaces 
| Modest Resource Requirements 

f Standard Req'ts for Safety, Physical Integration, Crew Support 
1 Both Internal and External 
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Space Station User Integration Process 


| User/Payload Integration Complexity ! 


SPACE STATION FREEDOM 


UTILIZATION A OPERATIONS 



Longest Duration 

(2 - 5 Years) 



0 User Designs/Supplies Facility Class 
(Multiple User) Payload for Station 


User Designs/Suppties Sti 
(Single User) Payload for 


ties Standard 
>ad for Station 


0 User Modifies Facility P/L Hardware, 
Software and Operations and 
Provides Samples, Specimens 


0 User Designs/Supplles R Payload 

0 User Modifies Existing Facility 
Payload Software and Operations, 
Provides Samples 


Most Complex 



Shortest Duration 0 User Modifies Facility Operations and Least Complex 
Provides Samples, Consumables 


Space Station User Integration Process space station freedom 


UTILIZATION A OPERATIONS 

Existing Facilities Use Dominates Mature Operations | 



Attached & Pressurized 
Fadlity tnslaBatfoo 
(Station Outfitting) 


Mature 

User/FadNty 

Operations 


f Early User Operations 


SARRs. Press. A Attach P/L Changeout 


IffTC/ PMC I NT. Assy Assy Complete Assy Complete 
OF-1 LAB Complete plus2yrs plus4yrs 


Time Period 

Traditional "Payload/Mission Integration" for hardware being shipped 
to/from Orbit 

"Reconfiguration" of on Orbit Fadlities/Payloads to support Multiple User 
Operations (includes shipment/changeout/use of technology unils, 
specimens, samples and consumables) 
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Space Station User Integration Process space station freedom 


UTILIZATION A OPERATIONS 


Examples of Station-to-User Interface: | 

U.S. Commercial Cooperative vs. U. S. Technology User 



Government Technology 
(NASA OAST Type) 



Payload Operator* 
Control Center 
■ {POCC) 

| NASA/MSFC 


User Operations 
FacHitoS 
(UOFs) 


Regional 

Operations 

Centers 

(ROCs) 


Otsopfne 

Operations 

Centers 

(DOCs) 
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CRITICAL IN-SPACE TECHNOLOGY NEEDS 
Space Structures 

Martin Mikulas, Jr. 

Langley Research Center 
Hampton, Virginia 


THEME ELEMENT *1 : STRUCTURES 

1. SYSTEM IDENTIFICATION 

QUASI STATIC 
DYNAMIC 

2. VERIFICATION OF PREDICTION METHODS 

3. ERECTABLE STRUCTURES CONSTRUCTION 

4. PRECISION SENSOR DEVELOPMENT 

5. STRUCTURAL INTEGRITY 


THEME ELEMENTS #2 & 3 : CONTROL/STRUCTURE 

INTERACTION & CONTROLS 
(COMBINED)* 


1. FLEXIBLE MULTI BODY/ARTICULATED CONTROL 

2. PRECISION POINTING AND SHAPE DIMENSIONAL CONTROL 

3. MULTIPLE INTERACTING CONTROL SYSTEM 

4. DAMPING AND VIBRATION SUPPRESSION 

5. VIBRATION ISOLATION 

►RECOMMENDATIONS: EXPERIMENTS SHOULD BE MULTIDICIPLINARY IN NATURE 

AND PREFERABLY IN THE FORM OF REUSABLE TEST BEDS. 


NOTE: Lists are in priority order, starting with 1 for each Theme Element 


68 




CRITICAL IN-SPACE TECHNOLOGY NEEDS 
Space Environmental Effects 


Lubert J. Leger 
Johnson Space Center 
Houston, Texas 


THEME ELEMENT #1 : ATMOSPHERIC EFFECTS AND 

CONTAMINATION 

1. ACTIVE MEASUREMENT OF ATMOSPHERIC CONSTITUENTS SUCH 
AS ATOMIC OXYGEN, TO SUPPORT STUDIES OF ALL ATMOSPHERIC 
INTERACTION PHENOMENA 

2. GLOW PHENOMENA INFORMATION TO SUPPORT SENSOR DESIGN 

3. CONTAMINATION EFFECTS AND ATOMIC OXYGEN EROSION DATA 
FOR MATERIAL DURABILITY ASSESSMENT FUNCTIONAL 
PERFORMANCE PREDICTION AND MODEL DEVELOPMENT AND 
VERIFICATION 


THEME ELEMENT *2 : MICROMETEOROID AND DEBRIS 


1. CHARACTERIZATION OF THE LOW EARTH ORBIT DEBRIS 

ENVIRONMENT 

~ PARTICLE SIZE DISTRIBUTION 

~ MORE INFORMATION ON DEBRIS CHARACTERISTICS SPECTRAL 
PROPERTIES, SHAPE, COMPOSITION 

2. LONG TERM SURFACE DEGRADATION FROM DEBRIS 

3. DEVELOP AND VERIFY COLLISION WARNING SYSTEMS TECHNOLOGY 

4. EVALUATE AND VERIFY MITIGATION TECHNIQUES 


THEME ELEMENT *3 : CHARGED PARTICLES & 

ELECTROMAGNETIC RADIATION EFFECTS 

1. BETTER CHARACTERIZATION OF RADIATION ENVIRONMENT IN POLAR REGION 
AND VAN ALLEN RADIATION BELTS & ASSOCIATED WITH SOLAR FLARE ACTIVITY 

2. LONG TERM, CONTINUOUS MEASUREMENTS OF MATERIAL PHYSICAL AND 
ELECTRICAL PROPERTIES IN CRITICAL ORBITS FOR UNDERSTANDING OF 
INTERACTION MECHANISM AND VALIDATION OF GROUND BASED TESTING 

3. DETERMINE THE EFFECTS OF GAS RELEASES IN LEO ON ELECTROMAGNETIC 

INTERACTIONS 

4. DEVELOPMENT OF SIMPLE SMALL AUTONOMOUS SENSORS FOR MEASUREMENT 

OF SURFACE CHARGING, RADIATION EXPOSURE AND ELECTRIC FIELDS 


NOTE: Lists are in priority order, starting with 1 for each Theme Element 
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CRITICAL IN-SPACE TECHNOLOGY NEEDS 
Fluid Management and Propulsion Systems 


LymAnderaon 
Lewis Research Center 
Cleveland, Ohio 


THEME ELEMENT *1 : ON ORBIT FLUID MANAGEMENT 

1. FLUID TRANSFER 

2. MASS GAUGING 

3. THERMODYNAMIC VENT SYSTEM/MIXING 
3. LIQUID ACQUISITION DEVICES 

3. FLUID DUMPING/TANK INERTING 

4. LIQUID DYNAMICS/SLOSH 

5. AUTOGENOUS PRESSURIZATION 
5. LONG TERM STORAGE 


THEME ELEMENT *2 : PROPULSION 

1. PLUME IMPACTS & CHARACTERISTICS 

2. ELECTRIC PROPULSION SPACE TEST 

3. MULTIDISCIPLINE SPACE TEST BED 


THEME ELEMENT *3 : FLUID PHYSICS 

1. LIQUID VAPOR INTERFACES 

2. POOL/FLOW BOILING 

2. CONDENSATION/EVAPORATION 

3. ADVANCING LIQUID FRONTS 
3. BUBBLE/DROPLET DYNAMICS 


NOTE: Lists are In priority order, starting with 1 for each Theme Element 



CRITICAL IN-SPACE TECHNOLOGY NEEDS 

Automation and Robotics 


Anttl K. Bejczy 
Jet Propulsion Laboratory 
Pasadena, California 


THEME ELEMENT #1 : ROBOTIC SYSTEMS 

1. ACTIVE/PASSIVE COMPLIANCE CONTROL AND PRECISION CONTROL 
IN SMART END EFFECTOR TOOL OB JECT INTERACTION 

2. DISTURBANCE REJECTION AND STABILIZATION IN ROBOT/PLATFORM 
COUPLING DYNAMICS 

3. SENSOR CORRECTED PLANNED MOTION EXECUTION, INCLUDING 
COLLISION DETECTION AND AVOIDANCE 

4. ADAPTIVE CONTROL COORDINATION OF MULTIPLE ARM/END EFFECTOR 
SYSTEMS 

5. FAST, HIGH BANDWIDTH AND SMALL VOLUME CONTROL AND DATA 
PROCESSING ELECTRONICS 


THEME ELEMENT *2 : TELEOPERATIONS 


1. OPERATOR INTERACTION IN MICRO G WITH FORCE REFLECTING 

CONTROL 

2. CONTROL TECHNIQUES FOR COMMUNICATION TIME DELAY 
CONDITIONS 

3. OPERATOR MULTI MODE MANUAL AND SUPERVISORY CONTROL 
INTERACTION WITH REMOTE MANIPULATORS 

4. INTELLIGENT INFORMATION FUSION DISPLAY SYSTEMS 

5. OPERATOR PERCEPTIVE/COMMAND INTERACTION WITH HIGH 
DEGREE OF FREEDOM ARM/END EFFECTOR SYSTEMS 


THEME ELEMENT #3 : ARTIFICIAL INTELLIGENCE 

1. FAULT DETECTION AND PROCESSING SYSTEMS 

2. LARGE INPUT/OUTPUT SENSOR AND SENSOR FUSION SYSTEMS 

3. INTEGRATED MODEL AND DATA SENSING INFORMATION SYSTEMS 

4. CONTINGENCY MANAGEMENT SYSTEMS 

5. PARALLEL, INTEGRATED SYMBOLIC AND NUMERIC DATA 
PROCESSING AND INTELLIGENT OPERATING SYSTEMS 


NOTE: Lists are in priority order, starting with 1 for each Theme Element 
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CRITICAL IN-SPACE TECHNOLOGY NEEDS 
Sensors and Information Systems 

Martin M. Sokotoski, NASA Hqs 
and 

John Dalton, Goddard Space Flight Center 


THEME ELEMENT *1 : SENSORS 

1 SPACE QUALIFIED COOLER AND COOLER SYSTEMS 

2. IN SPACE POINTING AND CONTROL 


THEME ELEMENT *2 ' COMMUNICATIONS 


1. IN SPACE LASER COMMUNICATIONS TECHNOLOGY DEMO. 


THEME ELEMENT #3 : INFORMATION SYSTEMS 

t IN SPACE TESTING/DEMONSTRATION OF HIGHER PERFORMANCE COMPUTERS FOR 
AUTOMATED OPERATIONS AND ROBOTICS APPLICATIONS 

2. IN SPACE TESTING/DEMONSTRATION OF SPECIAL PURPOSE PROCESSORS (e.g., FROM 
THE CSTI HIGH RATE DATA SYSTEMS PROGRAM) FOR IMAGE COMPRESSION/ 
PROCESSING FOR SCIENCE EXPERIMENTS AND ROBOTICS APPLICATIONS 

3. IN SPACE TESTING OF HIGH RATE/VOLUME STORAGE DEVICES FOR IMAGE DATA 
PROCESSING AND COMMUNICATION LINK BUFFERING 

4. IN SPACE TESTING AND CHARACTERIZATION OF RADIATION EFFECTS OF NEXT 
GENERATION COMMERCIAL AND RADIATION HARDENED DEVICES IN VARIOUS ORBTS 
FOR GENERAL SPACECRAFT AND INSTRUMENT APPLICATIONS 


NOTE: Lists are in priority order, starting with 1 for each Theme Element 



CRITICAL IN-SPACE TECHNOLOGY NEEDS 

In-Space Systems 


Jon B. Haussler 
Marshal Space Fight Center 
HuntsvBle, Alabama 


THEME ELEMENT #1 : MATERIALS PROCESSING 

1. UNDERSTANDING OF MATERIALS BEHAVIOR IN SPACE ENVIRONMENT 

2. DEMONSTRATION OF INNOVATIVE IN SPACE SAMPLE ANALYSIS 
TECHNIQUES 

2. CHARACTERIZATION AND MANAGEMENT OF THE MICRO G ENVIRONMENT 

3. DEMONSTRATION OF IMPROVED SENSING AND IMAGING TECHNIQUES 
IN EXPERIMENTAL SYSTEMS 

4. DEMONSTRATION OF AUTOMATION AND ROBOTICS APPLICATIONS TO 
MATERIAL PROCESSING SYSTEMS 


THEME ELEMENT #2 : MAINTENANCE, REPAIR, AND 

FIRE SAFETY 


1. DEMONSTRATION AND VALIDATION OF CAPABILITY TO REPAIR 
UNEXPECTED EVENTS 

1. INVESTIGATION OF LOW G IGNITION, FLAMMABILITY/FLAME SPREAD 
AND FLAME CHARACTERISTICS 

2. DEMONSTRATION AND VALIDATION OF FLUID REPLENISHMENT 
TECHNIQUES 

2. UNDERSTAND BEHAVIOR OF FLAME EXTINOUISHANTS IN SPACE 
ENVIRONMENT 

3. DEMONSTRATE ROBOTIC MAINTENANCE AND REPAIR CAPABILITY 


THEME ELEMENT #3 : PAYLOAD OPERATIONS 

1. DEMONSTRATION AND VALIDATION OF TELESCIENCE TECHNIQUES 

2. DEMONSTRATION OF AUTONOMOUS CHECKOUT, PLACEMENT AND 
SPACE CONSTRUCTION 


NOTE: Lists are in priority order, starting with 1 for each Theme Element 
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CRITICAL IN-SPACE TECHNOLOGY NEEDS 
Humans In Spaca 

Remus Bretol 
Ames Research Center 

San Jose, California 


THEME ELEMENT *1 : EVA / SUIT 

1. TECHNOLOGY FOR MEASUREMENT OF EVA FORCES, MOMENTS, 

DYNAMICS, PHYSIOLOGICAL WORKLOAD, THERMAL LOADS, 
AND MUSCULAR FATIGUE 

2. EVALUATION OF COOPERATIVE ROLES BETWEEN EVA AND 
TELEROBOTS AND FOR IVA AND ROBOTICS 

3. SUIT CONTAMINANTS DETECTION, IDENTIFICATION AND 

REMOVAL 


THEME ELEMENT *2 : HUMAN PERFORMANCE 

1. TECHNOLOGY AND MEASUREMENT OF GRAVITY RELATED 
ADAPTATION AND RE ADAPTATION BEHAVIOR 

2. TECHNOLOGY FOR IN SPACE ANTHROPOMETRIC AND 
PERFORMANCE MEASUREMENT 

3. VARIABLE GRAVITY FACILITY AND APPLICATION TECHNOLOGY 


THEME ELEMENT *3 : CLOSED LOOP LIFE SUPPORT 


1. IMPROVED PHASE SEPARATION SYSTEMS 

2. GRAVITY INDEPENDENT SENSOR SYSTEMS 

3. WASTE CONVERSION PROCESSES 


NOTE: Lists are in priority order, starting wi th 1 for each Theme Element 
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Experiment Descriptions 


SPACE STRUCTURES 
In-Space Stmctural Dynamics: Evaluation of a Skewed Scale Tmss 

James H. Peebles 

McDonnell Douglas Astronautics, Space Station Division 
Contract: NAS1-18688, NASA Langley Research Center, Stanley E. Woodard 


EXPERIMENT OBJECTIVE 

Define a flight experiment for a hybrid scaled truss 
In the Orbiter's cargo bay. This experiment may 
be used to : 

e Validate analytical techniques for predicting 
nonlinear dynamic behavior In truss structures 

e Validate Hybrid Scale theory 

e Validate 1g ground test techniques 

e Address other technology Issues 


BACKGROUND/TECHNOLOGY NEED 

e Many space truss structures envisioned for the future will 
be too large to dynamically test In full-scale on the ground 

e Truss Joints can dominate dynamic behavior and are not 
easily scaled due to their complexity 

e Nonlinear characteristics In joints, such as free play, 
nonlinear stiffness, damping, and friction can only 
reasonably be simulated In a Og space environment 

e Analytical methods for predicting nonlinear behavior and 
damping need to be validated 

A hybrid scaled truss with full-size Joints and subscale struts 
offers a smaller, more manageable structure for dynamic testing 
on the ground and In space. The truss will be used to validate 
analytic predictive methods, ground test techniques, thi hybrid 
scale concept, and Investigate other Important technology Issues. 


78 






Experiment Descriptions 


Out-Reach 


SPACE STRUCTURES 
ln-Spac$ Structural Dynamics: Evaluation of a Skewed Scale Truss 

J amesH. Peebles 

McDonnell Douglas Astronautics, Space Station Division 
Contract: NASI -18688, NASA Langley Research Center, Stanley E. Woodard 



EXPERIMENT DESCRIPTION 

• 1g ground test multi-bay erectable truss with short struts and 
full-size Joints (Hybrid Scaled) 

e Og flight test truss and correlate with ground test results 

e Validate analytical predictive techniques for nonlinear 
response and damping 

e Investigate other technology Issues 

- instrumentation performance 

- Disturbance propagation 

- Damaged or damped members 

- Utllltles/payload Integration 
• EVA time lines 

- Long-term exposure test bed 





Out-Reach SPACE STRUCTURES 

In-Space Structural Dynamics: Evaluation of a Skewed Scale Truss 

James H. Peebles 

McDonnell Douglas Astronautics, Space Station Division 
Contract: NAS1-18688, NASA Langley Research Center, Stanley E. Woodard 


Experiment Descriptions 


Out-Reach 


SCHEDULE 


1. 
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a. 
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Dewtep on analytical modaftng plan. 

II. 

SotabHsH on Implamantattan phn. 

11. 

Prepare quart arty progress reports. 

is. 

Pupate aod publish final report. 
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MIDDECK EXPERIMENT 



MODE II 

• EXPERIMENTAL HARDWARE 

- ESM: Experimental support module provides capabilities 

typical of a dynamic test facility in single middeck locker 

- Two test articles, MODE I & II, deployed and tested in Middeck. 


TEST ARTICLES 



DRY MASS 

MODE I MODE II 
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Experiment Descriptions 



Out-Reach 

Space Structures 

Middeck 0-Gravity Experiment (MODE) 

Out-Reach 


Prof. Edward F. Crawley and Dr. David W. Miller 

MIT, Dept of Aeronautics & Astronautics, Space Engineering Research Center 
Contract: NASI -18690, NASA Langley Research Center, Dr. Garnett Horner 



TIMELINE 



PFER: Preliminary Flight Experiment Review 
FER: Flight Experiment Review 
PPDR: Payload Pre-Delivery Review 
PMER: Post Mission Experiment Review 


SUMMARY 


• Since each of the phenomena under study is fundamentally 
influenced by gravity, experiments must be done in zero gravity 

• All available Earth based simulations of zero gravity have already 
been exploited 

• These experiments compliment programs of near term interest to 
NASA. 

• Involvement of corporate participants, Boeing Aerospace and 
McDonnell Douglas, assures relevance of experiment and 
dissemination of technology 
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Background/Technology Need 

Predicting the amount of damping expected in large space structures 
is expected to be difficult. 


• Joints holding the structure together will produce some damping. 

• The amount of damping produced by joints is dependent on several 
variables. 

• Damping can be gravity dependent in a truss with pinned joints. 

• On-ground damping measurements may be in error due to gravity loads 


A data base of in-orbit and on ground tests is needed to permit 
better predictions of damping for other structures 
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OAST Technology For the Future 
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Out-Reach SPACE STRUCTURES Out-Reach 

Experiment Definition Phase for Measurement and Modeling 
of Joint Damping In Space Structures 


SLFolkman and FJ. Redd 


Utah State University, Center for Space Engineering 
Contract: NASI - 18682 , NASA Langley Research Center, Mark Lake 



Experiment Description 

The experiment consists of a three-bay truss 

and associated hardware for truss excitation 

and measurement of oscillations. 

• The experiment fits inside a 5 cubic fool 
Get Away Special Cannister. 

• Cantilevered truss with a tip mass to reduce 
the resonant frequency. 

• Cannister vented to space to eliminate air 
damping 

• Truss excitation will induce bending modes 
in two directions or a torsional mode. 

• Means for tip mass support during launch 
and reentry will be provided. 



Previous Experiments 

An experiment has been constructed 
to measure damping of a tetrahedral 
truss with pinned joints. 

• One of 6 experiments to fly as a 
GAS Payload. 

• Very small project budget. 

• Damping is gravity dependent 



Average Amplitude ol Trust Tip Dhptacemenl (inch) 
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Out-Reach 
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Experiment Descriptions 


SPACE STRUCTURES 
Experiment Definition Phase for Measurement and Modeling 
of Joint Damping in Space Structures 

S.L Folkman and FJ. Redd 

Utah State University, Center for Space Engineering 
Contract: NAS1-18682, NASA Langley Research Center, Mark Lake 


Out-Reach 


Prototype truss design 

As part of the Experiment Definition 
Phase we are constructing a truss 
for ground testing. 



• 3 Bay truss. 

• First bay uses 1/4 scale joints 
made by Star*Net Structures. 

• An inexpensive bolted joint 
is used elsewhere. 

• Ground tests will examine the 
influence of gravity on damping. 


1988 89 Schedule 

JUN JUL AUG S EP OCT NOV DEC JAN FEB MAR APR MAY 

Joint Selection 

Truss Design — — — . — ■ 

Excit /Locker Design —.■■■ — — — — 

Prototype Design ■ ■ ■ — — 

Fabricate Prototype ■ ■ 

Ground Testing 

Drawing Package — — — — 

Report Preparation ■■■■ 
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Experiment Descriptions 



Out-Reach SPACE STRUCTURES Out-Reach 

Payload Vibration Isolation in Microgravity Environment 


Carl H. GertwJd and Richard M. Alexander 
Texas A&M University, Mechanical Engineering Department 

P.rtntrart- MASQ-17Q79 .Irthncnn Snaro fontor AR Rrtrha I nark A rh/namirc Rranrh 



• Develop both passive and active techniques to isolate 
sensitive payloads from shock and vibration. 

• Demonstrate candidate methodologies in low-gravity 
simulator. 



Experiments and processes In laboratory module require mlcrogravity. Vibration 
excited by adjacent experiments or crew activity can contaminate the low-gravity 
environment and degrade the usefulness of the experiment or process. 


• Study will Identify vibration isolation techniques for rigid body payload. 

• Can verify methodology concept in one-"g H environment 

• Working model design verification requires shuttle flight 
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Out-Reach SPACE STRUCTURES 


Experiment Descriptions 


Payload Vibration Isolation in Microgravity Environment 

Carl H. GerhoW and Richard M. Alexander 

Texas A4M University, Mechanical Engineering Department 
J'Ontract^jASHTg^ Loads & Dynamics Branch 


EXPERIMENT DESCRIPTION: 

• Low-gravtty >• simulated In the horizontal plane with a cart supported on air- 
bearing pads. 

• The cart rides on s film of sir sbove a smooth, fist marble surface. 

• Motion of the test payload Is measured using an ultrasonic sensor. 

• Candidate Isolation techniques are evaluated In terms of transmission ratio for 
harmonic and impulsive excitations. 

• Passive Isolation 

• Utilize existing theory 

• Design for isolation = 99.9975% 

• Active Method 

• Payload floats In enclosure 

• Control system keeps payload centered 


Out-Reach 


THRESHOLD 

DETECTORS 



RELAY/ 

TIMER 


Air Jet Controller System Experiment Set-up 


88 





ORIGINAL PAGE IS 8 9 
OF POOR QUALITY 








OAST Technology For the Future Experiment Descriptions 

Parti: Executive Summary & Experiment Descriptions 

Out-Reach SPACE STRUCTURES Out-Reach 

Generic Pointing Mount 


Robert W. Bosley 

Allied/Signal Aerospace Co., Airesearch Los Angeles Division 
Contract: NASI -18685, Langley Research Center, Sharon S. LaFleur 



• Vibration control demonstrated 

• System has one degree of freedom 

• Passive system can meet impulse criterion 

• Digital controller developed for active system 

• Analytical model developed 

• Verified by experiment 

• Will be used to develop control system parameters 


SCHEDULE 

88 '89 

I. Background JJASONDJFMAM 

A. Develop/Refine Isolation Criteria — - — — — 

II. Passive Methods 

A. Select Candidate Techniques 

B. Develop Design Parameters 

C. Fabricate Samples & Evaluate 

III. Active Methods 

A. Select Candidate Technique 

B. Develop Design Parameters 

C. Fabricate and Test 

IV. Experiment Facility 

A. Fabricate 1 DOF System 

B. Modify for Plane Motion 




Out-Reach SPACE STRUCTURES Out-Reach 

Generic Pointing Mount 


Robert W. Bosley 

Allied/Signal Aerospace Co., Airesearch Los Angeles Division 
Contract: NAS 1-1 8685, Langley Research Center, Sharon S. LaFleur 


EXPERIMENTAL OBJECTIVE 

CHARACTERIZE THE PERFORMANCE CAPABILITIES OF A GENERIC 
POINTING MOUNT DESIGNED TO ISOLATE VIBRATION AND AIM 
INTERCHANGEABLE PAYLOADS OVER LARGE ARTICULATION ANGLES. 

THIS EXPERIMENT WILL: 

• VERIFY THE ABILITY OF ADVANCED MAGNETIC SUSPENSIONS TO: 

- ELIMINATE THE NEED FOR MECHANICAL GIMBALS 

- OPERATE OVER LARGE ARTICULATION ANGLES 

- IMPLEMENT ADAPTIVE CONTROL LAWS 

- UTIUZE ARTIFICIAL INTELLIGENCE SCHEMES 

• ESTABUSH DESIGN/PERFORMANCE DATA BASE FOR THE NEXT 
GENERATION OF GENERIC POINTING MOUNTS 


CURRENT SPACE DEPLOYABLE POINTING TECHNOLOGY 


TANGENTIAL MBA 


LATCHING 

MECHANISM 


PAYLOAD 
MOUNTING PLATE 



PAYLOAD 

SUPPORT 

ELECTRONICS 


LATERAL GIMBAL 


MOUNTING STRUCTURE 


SEPARATION 

MECHANISM 


SPERRY/NASA ANNULAR SUSPENSION AND 
POINTING SYSTEM (ASPS) 
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Out-Reach SPACE STRUCTURES Out-Reach 

Generic Pointing Mount 

Robert W. Bosley 

Allied/Signal Aerospace Co., Airesearch Los Angeles Division 

Contract: NASI -18685, Langley Research Center, Sharon S. LaFleur 


TECHNOLOGIES/FEATURES USED BY THE GENERIC POINTING MOUNT : 

• UTILIZES ADVANCED MAGNETIC SUSPENSION/BEARING 
TECHNOLOGY IN LIEU OF MECHANICAL GIMBALS FOR ARTICULATION 

• AUTOMATICALLY MEASURES THE MASS, MOMENTS OF INERTIA, 
RESONANT FREQUENCIES. RESONANT MODE SHAPES. AND 
VIBRATION DAMPING REQUIREMENTS OF EACH PAYLOAD 

• AUTOMATICALLY OPTIMIZES THE MAGNETIC SUSPENSION AND 
POINTING/TRACKING SERVOSYSTEM CONTROL LAWS TO MATCH 
EACH PAYLOAD 

• OPTIMIZES THE CONTROL LAWS IN REALTIME FOR SIMULTANEOUS 
CONVERGENCE OF POSITION. VELOCITY. AND ACCELERATION 
ERRORS 

• TRANSFERS POWER AND DATA ACROSS THE MAGNETIC SUSPENSION 
GAP WHILE EXPERIENCING LARGE ARTICULATION ANGLES 
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t SPACE STRUCTURES 

Generic Pointing Mount 


Experiment Descriptions 


Robert W. Bosley 

Allied/Signal Aerospace Co., Airesearch Los Angeles Division 
Contract: NAS1-18685, Langley Research Center, Sharon S. LaFleur 


OVMANK PEPFOPHAMCE Of KACMCTICAllV SUSPENSE# TIP TUT NIHM 
HIPPOP D I HUE T E *■ IS * -l INCHES 
weight or hippos is 100 Pounds 

AST ICOlAT Ion i AFAR U 1 1"> IS PlU; OS KlMU? 4 DEGREES 

HA I HUH Torool THAI FOFCE GE ItE F A T OP S f A m DEvElOP I. I.UU li ft . 

Hit IWiH SATE OF CHANGE OF TOPOUF IS I.C00.000 L» Ft SEC 

HA- I ROW VElOCIT, CLAHP 1 i »CT At 4*0 DiGSEtS Ft* SlCultli 


SIX ORDERS OF MAGNITUDE ERROR REDUCTION WITH NO OVERSHOOT/UNDERSHOOT 


BVMAHIC PEPFOFMAMCE OF HAthCTICAUV SUiPCMlEP TIF TUT HIPPO* 
HIPPOS DIAHiTES ]i 14 INCHES 
WEIGHT OF HIRSOR IS 108 POUNDS 

ARTICULATION CAPADIlITi IS PLUS OF HIHUS 4 DEGREES 
mi I HUH TOROUI THAT FORCE GENERATORS (AM DEVELOP IS 1.00 LH 
HA I HUH PATE OF CHANGE OF TOPONE IS I , .08 . 800 tl-FT SEC 
HA INOH VEIOCIT. £ l HAP Ji SET AT «9« DEGREES PFP SECOND 


PrtlARIC FEFFftPhAMCE OF HA CHE T K HI LY SUSPENDED I IF TUT HIFI 
HIPPOS diameter IS ;4 inches 
HEIGHT OF AlPROR I 100 FOUNDS 

ARTICULATION (hFRIUIT. IS Pin;. OF H|HU: 4 DECREE : 
HA-IHUH TO* ONE THAT FOPCE GEhEFhTOFS >Ai DEVELOP I: i.Ov 
KA.1HUH PATE OF CHANGE OF TOP ONE li I . COO, 0*0 lE FT iff 
rwximiH vcutcITi tlahp is set at 40 u DEGREES »EP SE<c.tiD 


SIX OROERS OF MAGNITUDE ERROR REDUCTION WITH NO OVERSHOOT/UNDERSHOOT 
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Experiment Descriptions 




SPACE STRUCTURES 
Generic Pointing Mount 


Robert W. Bosley 

Allied/Signal Aerospace Co., Airesearch Los Angeles Division 
Contract: NAS1-18685, Langley Research Center, Sharon S. LaFleur 


MASTER SCHEDULE 
(3 PHASES) 


MONTHS 


□□BDBDQDQIQniBnKQSliQESQQElBS 


PHASE 1 CONCEPTUAL STUDY AND 
DEFINITION OF EXPERIMENT 

POINTING MOUNT CONFIGURATION 

DYNAMIC MODELS FOR 


POINTING ft TRACKING 


VIBRATION ISOLATION 


PRELIMINARY DESIGN 


PROPOSAL FOR PHASE II 


FINAL REPORT 



PHASE II DETAIL DESIGN FAB TEST OF 
EXPERIMENT HARDWARE . . 


PHASE III GROUND/SPACE EXPERIMENT 


SUMMARY OF EXPERIMENT FEATURES: 


• GENERIC POINTING MOUNT FOR 
INTERCHANGEABLE PAYLOADS 

• SYSTEM AUTOMATICALLY ADAPTS 
CONTROL LAWS TO EACH PAYLOAD 

• POINTING CONTROL IN THREE AXES 
AROUND A SINGLE PIVOT POINT 

• 135° ARTICULATION ANGLES 
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Part 1 : Executive Summary & Experiment Descriptions 

In-Reach SPACE STRUCTURES In-Reach 

Space Station Structural Characterization Experiment 


James W. Johnson and Paul A. Cooper 
NASA Langley Research Center 



THE DEVELOPMENT OF MODELING TECHNIQUES 
FOR LARGE SPACE STRUCTURES USING ON-ORBIT 
MEASUREMENTS OF SPACE STATION STRUCTURAL 
DYNAMICS 



- REQUIRE ANALYTICAL PREDICTION AND / OR ON-ORBfT MEASUREMENT OF 
PERFORMANCE 


MODELING TO PREDICT PERFORMANCE 
CptoTRpL: , ON-ORBfT CHARACTERIZATION FOR ACTIVE CONTROL 
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Experiment Descriptions 


ran 

In-Reach 

i: txecuuw summary & experiment uescnpuuus g 

SPACE STRUCTURES 

Space Station Structural Characterization Experiment 

In-Reach 


James W. Johnson and Paul A Cooper 

NASA Langley Research Center 







o SPACE STATION FREEDOM 

- PRESENTS AN EARLY OPPORTUNITY TO DEVELOP MODELING TECHNOLOGY 

- MAGNIFIES THE OPPORTUNITY WrTH MULTIPLE ASSEMBLY CONFIGURATIONS 


o FLIGHT EXPERIMENT CONCEPT 

- MODAL TESTING OF SELECTED CONFIGURATIONS THRU ASSEMBLY 
COMPLETE 


. EXCITATION 


REBOOST TRANSIENTS 
MODULATED REBOOST 


. MEASUREMENTS ACCELERATION 

. MODAL IDENTF1CATION FREE DECAY 













Experiment Descriptions 


PACE STRUCTURES 
Space Station Structural Characterization Experiment 


James W. Johnson and Paul A. Cooper 

NASA Langley Research Center 



CY 88 89 90 91 92 93 94 95 96 97 98 


SPACE STATION FREEDOM 


SPACE STATION STRUCTURAL 
CHARACTERIZATION EXPERIMENT 


PHASE A STUDY 


PHASE B STUDIES 

DESIGN, DEVELOPMENT AND 
INTEGRATION 

FLIGHT EXPERIMENTS 
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STUDY DESCRIPTION 


1. TRADE STUDIES WILL BE CONDUCTED ON THE; 

* DESIRABLE ORBIT TYPE 

- HEO 

- LEO 

* INFLATABLE STRUCTURE 

- TYPE (E.G. SPHERICAL OR 

PARABOLOID) 

- MATERIALS (E.G. KAPTON. MYLAR 

TEFLON . ETC . ) 

- RESPONSE INSTRUMENTATION 

(METEOROIDS. UV , 0) 

- DYNAMICS INSTRUMENTATION 

(ACCELEROMETERS AND/OR VIDEO 
FOR INSTANCE) 

* CARRIER VEHICLE 

- TYPE; 

-FREE FLYER. NON -RETRIEVABLE 
-FREE FLYER. RETRIEVABLE 
-SPACE STATION 

- TELEMETRY 

(MAY NOT BE REQUIRED FOR SPACE STATION 
MEASUREMENTS) 

- CONTROL 

- ATTITUDE CONTROL? 

- ON-BOARD MICROPROCESSOR TYPE 

- INFLATION FEEDBACK LOOP 

- INFLATABLE DYNAMICS INDUCTION TYPE 

- POWER 

- REQUIREMENTS 

- TYPE 


2. RECOMMENDATIONS WILL BE MADE FOR THE MOST COST EFFECTIVE 
EXPERIMENTAL CONFIGURATION CONCEPT 
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Experiment Descriptions 


SPACE STRUCTURES 
Inflatable Solar Concentrator Experiment Definition Program 

Costa Cassapakb and Geoff Wiliams 

UGarde, Inc. 

Contract: NASH 8681, Langley Research Center, Tom Campbell 


Out-Reach 


Out-Reach 


STUDY OBJECTIVE 


ASSESS IN-SPACE THE TWO MOST CRITICAL ISSUES PERTAINING 
TO THE PERFORMANCE OF INFLATABLE STRUCTURES IN SPACE: 


ASSESS THE EFFECTS OF SPACE ENVIRONMENT 
ON THE STRUCTURAL INTEGRITY AND SERVICE LIFE: 

- METEOROIDS 

- UV RADIATION 

- ATOMIC OXYGEN 


DEMONSTRATE THAT INFLATABLE SYSTEMS 
CAN BE DESIGNED TO PROVIDE HIGH LEVELS 
OF STRUCTURAL DAMPING. 

- BYPRODUCT: VALIDATION OF EXISTING 

ANALYTICAL TOOLS THAT 
PREDICT STRUCTURAL DAMPING. 


BACKGROUND / TECHNOLOGY NEED 


INFLATABLE STRUCTURES IN SPACE HAVE BEEN VERY SUCCESSFUL 
AND THEIR ADVANTAGES HAVE BEEN DEMONSTRATED IN SHORT MISSIONS 

- SMALL PACKAGED VOLUMES 

- LOW WEIGHT 

- LESS EXPENSIVE TO BUILD AND TEST THAN COMPETING 
MECHANICALLY ERECTED SYSTEMS 


FOR LONG TERM SPACE MISSIONS, AS IN THE CASE OF ANTENNAS 
AND SOLAR CONCENTRATORS. IT IS NECESSARY TO DEMONSTRATE THAT: 

- INDUCED DAMAGE DUE TO ENVIRONMENT (METEOROIDS. 

UV RADIATION AND ATOMIC OXYGEN AT LOW EARTH ORBITS) 
CAN BE HANDLED BY ON-BOARD GAS SUPPLY. AND/OR OTHER 
MEANS . 

- INDUCED DYNAMICS ARE DAMPED OUT QUICKLY. SO THAT 
STRUCTURAL ACCURACY IS MAINTAINED. 


THip EXPERIMENT MUST BE CONDUCTED IN-SPACE, i BECAUSE 
2ERO GRAVITY. VACUUM. METEOROIDS. UV AND ATOMIC OXYGEN 
ARE ALL SIMULTANEOUSLY PRESENT. 
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Out-Reach SPACE STRUCTURES Out-Reach 

Inflatable Solar Concentrator Experiment Definition Program 


Costa Cassapakis and Geoff WWams 

L'Garde, Inc. 

Contract: NASI - 18681 , Langley Research Center, Tom Campbell 


1. Trade Studies Will Be Conducted on the: 

* Desirable Orbit Type 

Low Earth Orbit (LEO) 

High Earth Orbit (HEO) 

* Inflatable Structure 

Type - (e.g., spherical or paraboloid) 

Materials - (e.g., kapton, mylar, teflon, etc) 
Response Instrumentation (meteoroids, UV, 0) 
Dynamics Instrumentation 

(e.g., accelerometers and/or video) 

* Carrier Vehicle 

Type - 

Free Flyer, Nonretrievable 
Free Flyer, Retrievable 
Space Station 

Telemetry - 

May not be required for 
space station measurements 

Control - 

Attitude Control? 

On-board Microprocessor Type 
Inflation Feedback Loop 
Inflatable Dynamics Induction Type 

Power - 

Requirements 

Type 


2. Recommendations will be made for the most cost effective 
experimental configuration concept. 
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Out-Reach SPACE STRUCTURES Out-Reach 


Inflatable Solar Concentrator Experiment Definition Program 


Costa Cassapakls and Geoff Williams 

L'Garde, Inc. 



FUjc-r tlileutono 7 

T*sl' Duration i 


l««ue Ditto 10/2*1/03 
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Experiment Descriptions 

Out-Reach SPACE ENVIRONMENTAL EFFECTS Out-Reach 

Atmospheric Effects and Contamination 

Measurement of Surface Reactions In the Space Environment 

LFlMegHi 
Gtobesat, Inc. 

Contract: NASI -18684, Langley Research Center / JPL, Lenwood G. Clark / Dr. David A. Brinza 

Experiment objectives 


Measure in space effective reaction 

rates for degradation of materials 


• Selected space materials 


. In-space analysis 


• Inexpensive, small satellite 



Background 


, Observations of returned 

specimens indicate severe dcgredation 

• Future structures will make use of 
composite materials 

• Laboratory sources of 5ev atomic 
oxygen are difficult to obtain 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS Out-Reach 

Atmospheric Effects and Contamination 

Measurement of Surface Reactions h the Space Environment 

LRMegOI 

Globesat, Inc. 

Contract: NAS1-18684, Langley Research Center/ JPL, lenwood G. Clark / Dr. David A. Brinza 


Gravity Gradient/Magnetic Torque 
Stabilized satellite 


Several in-space measurements 
to be used 



grsJien! bow 


104 


ORIGINAL PAGE IS 
OF POOR QUALITY 




Experiment Descriptions 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS 

Atmospheric Effects and Contamination 

Measurement of Surface Reactions In the Space Environment 

LR Moglll 

Globosat, Inc. 

Contract: NASI 18684, Langley Research Center / JF’L, Lenwood G Clark / Dr. David A. Brin/a 


Out-Reach 


Mriisiimunil IVtluiigiies I IimIci < oiisithration 


Mjiss Spn liouu tn 


« r m 


. Osminin IMrilors 


. Surface rrosinn iiimsiimiirnfls 


( )|»tinil 


s i«: tvi 


Smllerin^ 


Definition 

Satellite 

Fab 

Experiment 

Procurement 

Integration 

Flight 

Analysis 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS 

Atmospheric Effects and Contamination 


Experiment Descriptions 


Out-Reach 


Optical Properties Monitor (OPM) Experiment 

Donald R. Wilkes 

John M. Cockerham & Associates 

Contract: NAS8-37755, Marshall Space Flight Center, Jim Zwiener 


EXPERIMENT OIMKCTIVK 


To study the effects of the space environment, both natural and 
induced, on optical materials and thermal surfaces. 


• Develop a multifunction, reuseablc flight instrument for 
in-space optical studies 


• Determine the effects and damage mechanisms of the space 
environment on optical materials and thermal surfaces 


• Provide flight testing of critical spacecraft and optical materials 

• Validate ground test facilities and techniques 


BACKGROUND 

The natural and induced space environment can damage spacecraft materials 
• Space environmental effects and damage mechanisms arc not well understood 


• The space environment cannot be fully simulated 
I here have been only limited in-space optical measurements of material properties 

TECHNOLOGY NEED 

Longer duration, and more complex missions, such as Space Station, require belter 
materials and belter materials performance characterization 

• A belter understanding of space environmental damage mechanisms will lead to: 

- Better, more stable materials and coatings 

- Better, more accurate ground simulation testing 

• Improved materials and belter material performance characterization will lead to better, 
more cost effective, lower weight space systems designs 


* A multifunction, reuseablc flight instrument is needed for in-space optical studies 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS Out-Reach 

Atmospheric Effects and Contamination 

Optical Properties Monitor (OPM) Experiment 

Donald R. Wilkes 

John M. Cockerham 4 Associates 

Contract: NAS8-37755, Marshall Space Flight Center, Jim Zwiener 



Selected materials will be exposed to the near earth space environment and the effects 
measured through in-situ and post flight analysis. 

• Active sample optical and thermal properties are measured by the in-situ 
measurement subsystem 

- Spectral total hemispherical reflectance - Integrating Sphere 

- Total integrated scatter - Coblenlz Sphere 

- Spectral Transmittance 

- Total emittance/soiar absorptance - Calorimetric Method 

* environmental monitors measure the sample exposure environment 

- Solar/carth irradiance - Radiometers 

- Molecular contamination - Temperature controlled quartz crystal 
microbalance 

- Atomic oxygen 
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Experiment Descriptions 


Out-Reach 


SPACE ENVIRONMENTAL EFFECTS 

Atmospheric Effects and Contamination 

Optical Properties Monitor (OPM) Experiment 
DonakiR. Wilkes 
John M. Cockerham & Associates 

Contract: NAS8-37755, Marshall Space Flight Center, Jim Zwiener 


Out-Reach 


QPM SCHEDULE 


Performance A Requirements Definition 

Preliminary Design 

Definition Phase Complete 

Detailed Design 

Critical Design Review 

Procure, Fab A Assemble 

Integrate, Test A Check Out 

Performance Testing 

Flight Qualification Tests 

Payload Integration 

First OPM Mission 
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• Definition phase effort is underway (September 16, 1988) 

• Basic flight hardware concept proven on the LDEF Thermal 
Control Surfaces Experiment (TCSE) 

• Total Integrated Scatter (TIS) and transmission measurements 
are added to the TCSE design 

• Environmental monitors for molecular contaminants and atomic 
oxygen are added to the TCSE design 

• The TIS measurement system design will be verified by 
laboratory breadboard testing 

• 1978 TCSE design will be modernized to current technology 

• OPM mission opportunities are being researched 

• An OPM advisory committee is being formed 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS Out-Reach 

Atmospheric Effects and Contamination 

Experimental Investigation of Spacecraft Glow 

Gary Swenson 

Lockheed Missiles & Space Co., Palo Alto Research Laboratory (teamed with Lockheed Houston) 

Contract: NAS9-17969, Johnson Space Center, Jim Visentine • ES5 


Experiment Description 

The experiment hardware will include a 1 x 1 m flat piate with a material sample. The plate will be 
directed into atmospheric ram direction on orbit. The instrumentation includes a visible imaging 
spectrometer (400-800 nm), an IR detector (1-3 jim), and a far-ultraviolet imaging spectrometer 
(110-300 nm). The instrumentation wifi be mounted on an MPESS structure. An uplink command will 
activate the experiment, and an onboard recorder will log the data. Operation during four “shadowed” 
orbit periods is desired, at low altitude. At least two orbits of 175-km perigee are desired (as part of the 
STS reentry sequence). 



Breadboard Tests for Functionality, Response, and Sensitivity 

e Breadboard an Image detector for the far-ultraviolet imaging spectrometer 

— Gated intensifier, plug coupled to a CCD 

— 1 1 0-300-nm response 

— RbTe photocathode 

— 25-mm diameter 

— 388 x 480 CCD array, thermoelectricalfy cooled to 230 K 

— Digital output 

• Breadboard an IR detector 

— Dewar resident, single element 

— 1-5.5-4171 response 

— InSb element 

— Joule -Thompson coded to 77 K 

— Hgh-gain analog output 
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Out-Reach SPACE ENVIRONMENTAL EFFECTS Out-Reach 

Atmospheric Effects and Contamination 
Experimental Investigation of Spacecraft Glow 

Gary Swenson 

Lockheed Missiles & Space Co., Palo Alto Research Laboratory (teamed with Lockheed Houston) 

Contract: NAS9-17969, Johnson Space Center, Jim Visentine - ES5 



GLOW EXPERIMENT SHOWN ON MPESS CARRIER WITH STANDARD M8L CONFIGURATION 
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In-Reach SPACE ENVIRONMENTAL EFFECTS 

Atmospheric Effects and Contamination 

Return Flux Experiment (REFLEX) 


In-Reach 


JJ.TrioioandR. Mdntosh 
Goddard Space Flight Center 


EXPERIMENT DESCRIPTION 

- MAJOR EXPERIMENT COMPONENTS : 

1) - SENSOR: MASS SPECTROMETER 

2) - MOLECULAR SOURCE: NOBLE GAS 

3) - CARRIER: TBD 

- COMPONENT FUNCTION: 

1) - SENSOR: DETECTION OF ALL MOLECULAR SPECIES OF 

INTEREST IN BOTH NATURAL AND SPACECRAFT 
INDUCED ENVIRONMENTS. CHEMICAL NATURE AND 
VELOCITY ARE OBTAINED AS A FUNCTION OF TIME. 

2) - MOLECULAR SOURCE: PROVIDES A KNOWN INPUT TO 

THE S/C ENVIRONMENT FOR RETURN FLUX MEASUREMENTS. 

3) - CARRIER: ALLOWS POSITIONING OF THE EXPERIMENT 

PACKAGE TO LOW/ZERO BACKGROUND LOCATIONS FOR 
EXTREMELY ACCURATE MEASUREMENTS OF LOW INTENSITY 
PHENOMENA (RETURN FLUX) . 
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Wteach SPACE ENVIRONMENTAL EFFECTS kvReach 

Atmospheric Effects and Contamination 

Return Flux Experiment (REFLEX) 


JJ. Titolo and R. McIntosh 
Goddard Space Right Center 



SCHEDULE 


- COMPLETE PHASE A: NOV 88 

- PHASE B START: JAN 89 

- PHASE C/D START: JAN 90 
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Experiment Descriptions 

1 In-Reach SPACE ENVIRONMENTAL EFFECTS Wteach 1 

I Meteoroids and Debris I 

Debris Collision Warning Sensors 
FaHhVlte and DavM Thompson 
Johnson Space Center 
Solar System Exploration Division 


EXPERIMENT OBJECTIVE; 


I CHARACTERIZE STATISTICALLY THE LEO DEBRIS ENVIRONMENT, CONCENTRATING I 


ON OBSERVING DEBRIS OF SIZES DOWN TO 1 mm DIAMETER; OBTAINING BOTH 
VISIBLE PHOTOMETRY (~0.56^m) AND THERMAL RADIOMETRY (5Mm). TEST 
DETECTOR EFFECTIVENESS FOR SPACECRAFT DEBRIS COLLISION WARNING SYSTEM. 
DATA ACQUIRED WILL USED TO: 

• MODEL EFFECTS (NOISE SOURCES, FALSE SIGNALS) WHICH SMALL DEBRIS 
PIECES COULD HAVE ON DEBRIS COLLISION WARNING SYSTEM OPERATION. 


• OPTIMIZE DETECTOR SELECTION FOR DCW BY UNDERSTANDING ALBEDO 
VALUES AND THERMAL HEATING PROPERTIES OF LEO DEBRIS. 

• CALCULATE DEBRIS FRAGMENT SIZES WITH ACCURATE ALBEDO MEASUREMENT. 


B A CKQBQUMP/TECHNQLQGY NEED 

• LEO DEBRIS POPULATION INCREASING, PRODUCING INCREASED HAZARD 
TO SPACECRAFT. 

• NEW CONCEPTS FOR PROTECTING SPACECRAFT MUST BE DEVELOPED. 

- ON-BOARD DETECTION WILL PROBABLY PLAY A KEY ROLE. 

- REQUIRES SCIENTIFIC TECHNIQUE AND TECHNOLOGY DEVELOPMENT. 

• DATA AMOU N T AND QUA LITY ARE WO RST IN SIZE (Imm-IOcm), 
SPECTRAL RANGES (0.56pm, 5pm) WHERE INFORMATION IS MOST 
CRITICAL TO DEBRIS COLLISION WARNING SYSTEM DESIGN. 
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Wteach SPACE ENVIRONMENTAL EFFECTS In-Reach 

Meteoroids and Debris 

Debris Collis ion Warning Sensors 

Faith Vilas and David Thompson 


Johnson Space Center 
Solar System Exploration Division 



THE APPARATUS WILL CONSIST OF ONE 60-IN. F/1.2 TELESCOPE HAVING 
ALL-REFLECTING OPTICS WITH A 3.7° FIELD OF VIEW. A TEKTRONIX 
2048x2048 PIXEL CCD RINGED BY SINGLE-ELEMENT 5-pm DETECTORS, 
OPERATING AT A READOUT RATE OF ONE FRAME EVERY 1/10 SEC, IS 
LOCATED IN THE FOCAL PLANE. VISIBLE PHOTOMETRY, THERMAL 
RADIOMETRY, AND VELOCITY DATA CAN BE ACQUIRED ON DEBRIS PIECES 
PASSING THROUGH THE TELESCOPE’S FOV. EXPERIMENT MODES INCLUDE 
A BLIND SEARCH FOR DEBRIS DOWN TO 1mm DIAMETER, OBSERVATIONS 
OF KNOWN DEBRIS PIECES TRACKED BY USSPACECOM. 
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kvReach SPACE ENVIRONMENTAL EFFECTS 

Meteoroids and Debris 

Debris Collision Warning Sensors 

Faith VBas and David Thompson 

Johnson Space Center 
Solar System Exploration Division 

In-Reach 


m i©iK)i®iyjiL(i iFon (Ma©p©®n® 
IFLOQMT SX^lRtMSMnr 

9 , FY90 . FY91 , FY92 , FY93 , 


DESIGN STUDY 
PRR 

INITIAL DESIGN 
PDR 

FINAL DESIGN 
CDR 

FABRICATION/ 

VERIFICATION 

AR/IRR 

INSTRUMENT 
TO KSC 

PHYSICAL INTEGRATION 
FLIGHT 












Background: 

• Thin-foil, conical imaging X-ray mirrors represent new technology X-ray astronomy 

instrumentation 

• Mirror technology developed entirely within NASA (GSFC) 

• Grazing incidence reflecting surfaces consist of lacquer- coated, high reflectivity 

aluminum foil, with evaporated 500 Angstrom gold layer 

• Initial implementation on Broad Band X-Ray Telescope (STS-35, March 1990) 

• Will be used or being studied for use on several long term X-ray astronomy missions: 

ASTRO-D, 1993 (Japan/USA) 

Spectrum-X , 1994 (USSR/DenmarkAJSA) 

Spektrosat, 1994 (W. Germany/USA) 

• Lacquer coating technology has direct applications for other kinds of X-ray mirrors 

and for far and extreme ultraviolet optics 

• Unclear how previous contamination studies relate to grazing incidence or 

lacquer coated surfaces, or to X-ray reflectivity 
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In-Reach SPACE ENVIRONMENTAL EFFECTS In-Reach 

Atmospheric Effects and Contamination 

Thin Foil X-Ray Optics Space Environment Contamination Experiment 

R. Petre, P.J. Seriemitsos, C.A. Glasser 
Goddard Space Flight Center 



Thin foil conical imaging X ray mirror for the Broad Band X Ray Telescopo instrument 


Experiment Description 

Baseline approach low cost, minimal STS interface 

Strategy - use GAS carrier, develop hardware quickly to allow possiblily of manifesting 
with larger experiments with similar mission requirements (e g., FOIM-3, IFCE) 

Key Components 

Conical mirror quadrant * holds reflector samples at proper incidence angles 
Sample tray holds thin foil mirror samples at normal incidence 

Shutter mechanism shuts slowly over duration of experiment to allow determination 
of degradation vs. exposure time 

Carrier - GAS can with Motorized Door Assembly 
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Atmospheric Effects and Contamination 
Thin Foil X-Ray Optics Space Environment Contamination Experiment 


R. Petre, P.J. Serlemitsos, C.A. Glasser 

Goddard Space Flight Center 
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kvReach 

SPACE ENVIRONMENTAL EFFECTS 

Atmospheric Effects and Contamination 

Thin FoB X-Ray Optics Space Environment Contamination Experiment 

R. Petrs, PJ. Serlemltsos, C A Glasser 
Goddard Space Flight Center 

In-Reach 


Milestones 




In-Reach proposal submitted 

July, 1986 



In-Reach proposal accepted; begin Phase A study 

August, 1987 



Finish Phase B definition phase 

November, 1988 



Begin Phase C/D development (pending funding) 

January, 1989 



Submit GAS reservation 

January, 1989 



Deliver complete instrument to GAS program 

June, 1990 
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POWER SYSTEMS AND THERMAL MANAGEMENT 

Conventional Power Systems 

Sodium-Sulfur Battery 

Becky Chang 

Ford Aerospace Corporation, Space Systems Division 
Contract: NAS3-25355, Lewis Research Center, H.F. Leibecki 


NaS BATTERY TECHNOLOGY BENEFITS - 

$ 1 .1-1.7 M$/KW SAVING IN LAUNCH FOR GEO MISSION OVER NIH2 BATTERY 
$ 0. 2-0.4 M$/KW SAVING IN LAUNCH FOR LEO MISSION OVER NIH2 BATTERY 

EXPERIMENT OBJECTIVE 

TO DESIGN AN EXPERIMENT THAT WILL DEMONSTRATE OPERATION OF 
SODIUM-SULFUR BATTERY/CELLS UNDER SPACE ENVIRONMENTS WITH 
PARTICULAR EMPHASIS ON EVALUATION ON MICROGRAVITY EFFECTS. 

O TO EVALUATE CHARGE AND DISCHARGE CHARACTERISTICS AS 
AFFECTED BY FLUID REACTANT DISTRIBUTIONS 

O TO DETERMINE REACTANT DISTRIBUTIONS UNDER MICROGRAVITY CONDITION 

O TO UNDERSTAND CURRENT & THERMAL DISTRIBUTION WITHIN CELLS 

O TO EVALUATE FREEZE THAW EFFECTS 

O TO EVALUATE COLD VS WARM LAUNCH 

O TO EVALUATE MULTICELL OPERATION 


BACKGROUND /TECHNOLOGY 


METAL CONTAINER 
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SULFUR FILLED 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Conventional Power Systems 

Sodium-Sulfur Battery 

Becky Chang 

Ford Aerospace Corporation, Space Systems Division 
Contract: NAS3-25355, Lewis Research Center, H.F. Leibecki 


EXPERIMENTAL APPROACH 

O SELECT ONLY THOSE TESTS THAT ARE CRITICAL AND EXPECTED TO DIFFER UNDER 
MICROGRAVITY CONDITION. 

O •SPINNERS' CAN BE DUPLICATED ON EARTH. 

O CORRELATE CELL CHARACTERISTICS BEFORE/DURING/FOLLOWING SPACE FLIGHT 
TO ELIMINATE EXTRANEOUS VARIABLES 
O INCORPORATE ADDITIONAL CONTROL CELLS 


EXPERIMENT DESCRIPTION 

I. CELL CHARACTERIZATION TEST 
O RATED 40 AH BASEUNE CELLS 

O 8 CELLS FOR SPACE; 4 CELLS FOR GROUND CONTROL 
O COLD LAUNCH 

O TWO OPERATING TEMPERATURES ; 275- 300; 350 -375 C 
O CHARGE RATES: C/5.C/2.3/4C.C PLUS TAPER 
O DISCHARGE RATES C/2; C ; 1 5C, 2C PLUS PULSES TO -4C 
O CELL IMPEDANCE & EFFICIENCY 

II. REACTANT DISTRIBUTION DESTRUCTIVE PHYSICAL ANALYSIS 
O 8 CELLS REUSED AFTER NO. I 

III. REACTANT DISTRIBUTION TEST 

O SPECIAL INSTRUMENTED 40 AH CELLS 
O 2 CELLS IN SPACE, 1 CELL ON GROUND 
O TO DETERMINE CURRENT DENSITY VS. AXIAL POSITION 
DURING DISCHARGE/CHARGE AND OPEN CIRCUIT 

IV. FREEZE/THAW TEST 

O RATED 40 AH BASEUNE CELLS 
O 4 CELLS FOR SPACE; 2 CELLS ON GROUND 

V. WARM LAUNCH TEST 

O RATED 40 AH BASEUNE CELLS 
O 4 CELLS FOR SPACE 
O 200*C PRELAUNCH/LAUNCH 

VI. CELL CYCLE TEST 

O MULTI-CELL OPERATION 
O EARLY-LIFE LEO CHARACTERISTICS 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Conventional Power Systems 

Sodium-Sulfur Battery 

Becky Chang 


Ford Aerospace Corporation, Space Systems Division 
Contract: NAS3-25355, Lewis Research Center, H.F. Leibecki 



SUMMARY 


0 NA-S BATTERY TECHNOLOGY OFFERS SIGNIFICANT PAYOFF FOR SPACE APPLICATIONS, 

BUT OPERATION IN SPACE ENVIRONMENT IS UNKNOWN. 

0 FURTHER ENHANCEMENT OF NA-S EXCELLENT PERFORMANCE AND CYCLE LIFE COULD 

OCCUR DUE TO MORE UNIFORM CONDITION WITHIN CELL DUE TO MICROGRAVITY CONDITIONS. 

O SOME HYPOTHESES PREDICT PERFORMANCE LIMITATIONS WITH IMPACT ON CELL LIFE 
IN LOW-GRAVITY ENVIRONMENTS. 

O FLIGHT EXPERIMENTS HAVE BEEN SELECTED TO DOCUMENT AND CORRELATE CRITICAL 
CELL CHARACTERISTICS UNDER SPACE ENVIRONMENTS WITH KNOWN RESPONSE ON EARTH. 

O RESULTING DATA BASE WILL MINIMIZE COSTS OF SUBSEQUENT LARGER-SCALE APPLICATION- 
SPECIFIC EXPERIMENTS. 

O CYCLE UFE EFFORTS CAN NOT BE ADDRESSED IN SIMPLE STS FLIGHT WOULD REQUIRE- 
EXTENDED ORBIT EXPERIMENT. 
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Out-Reach 


POWER SYSTEMS AND THERMAL MANAGEMENT 

Conventional Power Systems 

Unitized Regenerative SPE® Fuel Cell 

Timothy A. Nalette 

United Technologies Corporation, Hamilton Standard Division 
Contract: NAS9-18001, Lewis Research Center, Rick Baldwin 



Months from award 


1 2 3 4 5 1 7 1 I II 11 12|13 14 15 lfi 17 II 19 70 21 7? 23 24175 24 27 2t 23 30 31 37 33 34 35 3C 


Finalize concept 


System design 


Fabrication/ assembly 
Test program 
Refurbish ft ship 
Mission support 


Safety review 



Phase • Phase 1 j Phase? 

V V V 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Conventional Power Systems 

Unitized Regenerative SPE® Fuel Cell 
Timothy A. Nalette 

United Technologies Corporation, Hamilton Standard Division 
Contract: NAS9- 18001, Lewis Research Center, Rick Baldwin 


Experiment Description: 

• URFC system will demonstrate a simple passive 

means of electrical energy storage for space 
applications employing passive fluid and thermal 
management technologies 

• System parameters such as temperatures, pressures, 

voltage, and current will be measured for purposes 
of control and analysis 

• Packaging concept depicts the “Get Away Special” 

carrier option but is easily adapted to other options 

• Experiment will be self-contained 

• Component selection and safety consideration based 

on mature flight designs 
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POWER SYSTEMS AND THERMAL MANAGEMENT In-Reach 

Dynamic and Nuclear Power Systems 

Thermal Energy Storage Flight Experiments tor Sola r Dynamic Power Systems 

David Namkoong, Jerri Ling , Steve Johnson, Barbara Heizer, Tom Foster 
Lewis Research Center (Boeing, Contract NAS3-25364) 


RESISTANCE HEATER 
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TES EXPERIMENT NO. 1 


TEST EXPERIMENT 

< • •GAS" CAN EXPERIMENTAL PACKAGE 


• FOUR EXPERIMENTS: 

UF 1121 K 

-THERMAL CaF/S0 MgF ,Z50 K 

RADIATOR ‘GERMANIUM 1210 K 

•NiSI 1265 K 

• SUN/SHADE PERIODS OF 60/34 
MINUTES PER CYCLE; 5 CYCLES 

• RESULTS: 

TEMPERATURE MEASUREMENTS 

POST-TESt EXAMINATION OF 
VOID SHAPE. LOCATION 

COMPARISON WITH ANALYTICAL 
PREDICTION 
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POWER SYSTEMS AND THERMAL MANAGEMENT 

Dynamic and Nuclear Power Systems 

Thermal Energy Storage Flight Experiments lor Solar Dynamic Power Systems 


In-Reach 


David Namkoong, Jenl Ung , Steve Johnson, Barbara Heizer, Tom Foster 
Lewis Research Center (Boeing, Contract NAS3-25364) 
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favReach POWER SYSTEMS AND THERMAL MANAGEMENT In-Reach 

Thermal Management 

Investigation of Microgravity Effects on Heat Pipe Thermal Performance and Working Fluid Behavior 

George L Befschman 

Hughes Aircraft Company, Electron Dynamics Division 
Contract: NAS5-30359, Goddard Space Flight Center, Roy McIntosh 



GROOVED CONSTANT CONDUCTANCE HEAT PIPE 



VARIABLE CONDUCTANCE HEAT PIPE WITH CENTRAL CORE WICK 
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IrvReach POWER SYSTEMS AND THERMAL MANAGEMENT kvReach 

Thermal Management 

Investigation of Microgravity Effects on Heat Pipe Thermal Performance and Working Fluid Behavior 

George LFMschman 

Hughes Aircraft Company, Electron Dynamics Division 
Contract: NAS5-30359, Goddard Space Right Center, Roy McIntosh 


iwmn 
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1.0 PROGRAM MANAGEMENT 

2.0 PRELIMINARY REQUIREMENTS 

3.0 HARDWARE EVALUATION 

4.0 CONCEPTUAL DESIGN 

5.0 PROJECT DEFINITION 

6.0 PROJECT CONTROL 

7.0 KEY DOCUMENTATION 

• FINAL REPORT 

• SAFETY REPORT 

8.0 KEY REVIEWS 

• INTERIM REVIEW 

• FINAL REVIEW 




1.0 DESIGN AND FABRICATE 

• CONSTANT COND. HEAT PIPES 

• VARIABLE COND. HEAT PIPES 

• TEST FIXTURES 

2.0 GROUND TESTWO 

• PERFORMANCE TEST 

• WICKWO TEST 

• NUTATION TEST 

3.0 FLIGHT EXPERBfENT SUPPORT 

• DEVELOP FLIGHT TEST PROCEDURE 

• SUPPORT FLIGHT OPERATIONS 

• DATA ANALYSIS AND CORRELATION 

4.0 KEY DOCUMENTATION 

• INTERIM REPORT 

• FINAL REPORT 
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Thermal Management 

A Hlgh-Efflclency Thermal Interlace Between a Two-Phase Fluid Loop and a Heat Pipe Radiator 

JohnAPohner 

TRW, Space and Technology Group 
Contract: NAS5-30375, Goddard Space Right Center, Roy McIntosh 


EXPERIMENT OBJECTIVE 

Characterize the mterogravity performance of a High- Efficiency Thermal Interface (HETI) 

which thermally couples a two-phase fluid loop to a heat pipe radiator. 

o For high-power spacecraft which must refect 10 to 100 kW of waste heat, two-phase fluid 
loops will be required to collect and transport heat, and large deployed radiators wiH be 
needed to refect the waste heat to space. 

o High efficiency (low AT) Interface required between fluid loop and radiator to minimize 
radiator size and weight. 


o Vapor from two-phase loop condenses on Gregorlg-grooved exterior of heat pipe. Gregorig 
grooves use capillary forces to drain liquid from crests of grooves. 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 

A High-Efficiency Thermal Interface Between a Two-Phase Fluid Loop and a Heat Pipe Radiator 

JohnAPohner 

TRW, Space and Technology Group 
Contract: NAS5-30375, Goddard Space Flight Center, Roy McIntosh 



SCHEDULE - EXPERIMENT DEFINITION PHASE 


ANALYSIS AND PRELIMINARY 
DESIGN 

IN-SPACE IMPLEMENTATION 
PLAN 

DEVELOPMENT PHASE COST 
ESTMATE 

QUARTERLY STATUS REPORTS 
ORAL REVIEW 
DRAFT FINAL REPORT 
NEW TECHNOLOGY REPORT 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 

A High-Efficiency Thermal Interface Between a Two-Phase Fluid Loop and a Heat Pipe Radiator 

JohnAPohner 

TRW, Space and Technology Group 

Contract: NAS5-30375, Goddard Space Flight Center, Roy McIntosh 


SCHEDULE - EXPERIMENT DEVELOPMENT PHASE 


REVIEWS AND 
DOCUMENTATION 

SYSTEM DESIGN 

FABRICATION AND 
ASSEMBLY 

THERMAL VACUUM 
PERFORMANCE TESTING 


QUALIFICATION 

TESTING 

FLIGHT TEST 

DATA ANALYSIS 
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PDR - Preliminary Design Review CDR - Critical Design Review 

LSA Launch Services Agreement PSDP Preliminary Safety Data Package 

FSDP Final Safety Data Package QR - Quarterly Report 

FR - Final Report 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 
Moving Be H Radiator Dynamics 
W. Peter Teagan 

Arthur D. Little, Inc. 

Contract: NAS3-25356, Lewis Research Center, Alan White 


EXPERIMENTAL OBJECTIVE 

Develop an improved understanding of the dynamics of a 
Moving Belt Radiator (MBR) during deployment and operation. 
In a zero gravity environment the primary forces on the belt 
will be those due to rotational motion (centrifugal forces) 
and spacecraft accelerations. 

This understanding is needed to: 

* Verify analytical methods developed to model the dynamics 
of flexible moving belt structures. 

• Design MBR systems (belt structures, deployment, 
operation, and control) 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 

Moving Belt Radiator Dynamics 

W. Peter Teagan 

Arthur D. Little, Inc. 

Contract: NAS3-25356, Lewis Research Center, Alan White 


BACKGROUND/TECHNOLOGY NEED 

• Computerized dynamic models have been developed to 
describe shape of MBR as influenced by rotational speeds, 
acceleration fields, and belt structure 

• Ground based testing subject to gravity are not very 
useful since gravity forces will dominate the centrifugal 
forces which define belt dynamics In a spacce environment 

• Ground based zero-G experiments (drop towers, KC135 test 
plane) provide too short a test period for extensive testing 

• Lack of an experimentally verified dynamic model adds 
uncertainty to the design of this class of radiator - 
possibly resulting in overly conservative design criteria 


EXPERIMENTAL DESCRIPTION 

• Experimental apparatus is a small scale moving belt 
structure 2-4 feet in diameter. Means are provided to: 

- vary belt rotational speed 

• subject belt to short term accelerations 

- vary sealing forces in interface heat exchanger structure 

• Belt motion visualization (photographic) and measurements 
of forces on the IHX due to a belt motion, sealing pressure, 
and imposed acceleration will allow refinement of analytical 

models 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 

Moving Belt Radiator Dynamics 

W. Peter Teagan 

Arthur D. Little, Inc. 

Contract: NAS3-25356, Lewis Research Center, Alan White 
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W. Peter Teagan 

Arthur D. Little, Inc. 


Contract: NAS3-25356, Lewis Research Center, Alan White 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 

Moving Belt Radiator Dynamics 

W. Peter Teagan 

Arthur D. Little, Inc. 

Contract: NAS3-25356, Lewis Research Center, Alan White 


PROJECT IS IN EXPERIMENTAL DEFINITION PHASE 

1988 1989 

6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

1 . Objectives & rzirrrr. . i 

Requirements 

1.1 Technical V 

Requirements 

1 .2 Experimental Test — V 

Requirements 


2. Conceptual Designs rz.^z — :: : J 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT Out-Reach 

Thermal Management 
Liquid Droplet Radiator 


SMomoL. Pfeiffer 
Grumman Space Systems 

Contract: NAS3-25357, Lewis Research Center, Alan White 



Rectangular and Triangular 
LDR Conceptual Designs 


Centrifugal 

CoRactor 
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Out-Reach POWER SYSTEMS AND THERMAL MANAGEMENT 

Thermal Management 
Liquid Droplet Radiator 
Shlomo L. Pfeiffer 

Grumman Space Systems 

Contract: NAS3-25357, Lewis Research Center, Alan White 


Experiment Descriptions 


Zero-g Experimental Objectives 

• Startup 

- Generator fluid loss 

- Film/stream interaction at the collector 

- Initial film capture and pressurization 

• Steady state running 

- Droplet stream characteristics 

- Generator/collector operation 

• Shutdown 

- Effect of fluid decay on pump operation 

- Fluid losses at generator and collector 


Program Schedule 


FEB MARCH 


( Review of Technology Base 
•QSSO PE/Thermo 

It Experiment Object (vet and 
Technical Requirements 
-QSSO PE/ThermcVDesIgn 
Micro Fab 

III Conceptual Design 
-QSSO -PE/Thermo 
Design 

•Mechanical Syst 
Safety 
-Micro Fab 

IV Implementation Pten 

-QSSO • PE/Thermo 
Micro Fab 

V Reporting 

■Technical Reqs Document 
Prefcntnary Concept Design 
Review 
•Final Report 
Monthly P R. 


• NASA Lewis Review 


V Tasks I ft H 

f Oral at NASA Lewis Ta ;ks III 
I * »IV 
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Experiment Descriptions 


Out-Reach 


FLUID MANAGEMENT AND PROPULSION SYSTEMS 

On-Orbit Fluid Management 

Tank Pressure Control Experiment 

M.D.Bentz 

Boeing Aerospace 

Contract: NAS3-25363, Lewis Research Center, R. Knoll 


Out-Reach 


EXPERIMENT DESCRIPTION: 

* Small Self-Contained Payload (GAS) 

♦ 5.0 cu-ft. ( approx. 160 Ibm 

• autonomous control and data recording 

• 800 W-hr power supply (alkaline cells) 





Payload Installation 


PROPOSED TESTS 



• Measure effect of low-g on 

• Heat fluid at one of 

• Demonstrate effective 

stratification buildup 

two locations 

pressure control 

• Measure performance of mixer 

• Measure pressure 

• Determine minimum 

as functions of flow rate and 

rise rate and temper- 

mixing energy 

vapor location 

ature gradients 


expected flow patterns: 


• Understand effect of 

r v \ 

• Mix contents at a 

g-jitteron self-mixing 


range of flow rates 
and measure pressure 

• Provide visual record 

symmetrical, low flow rate (regime 1) 

collapse rate, temper- 

of fluid behavior 

... - v 

r x u \ 

ature transients 


(* } A 


• Validate or identify 

\ " y 

• Record liquid/vapor 

needed improvements 

symmetrical, high flow rate (regime IV) 

orientations and 

to NASA-ECLIPSE 

y:;) 

flow patterns on 
video 

and other models 

unsymmetrical, high Itow rale 
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Out-Reach FLUID MANAGEMENT AND PROPULSION SYSTEMS Out-Reach 

On-Orbit Fluid Management 

Tank Pressure Control Experiment 
M.D.Bentz 
Boeing Aerospace 

Contract: NAS3-25363, Lewis Research Center, R. Knoll 



TCR; Technical Concept Review 
PDR: Preliminary Design Review 
FDRR: Right Development Readiness Review 
CDR: Critical Design Review 
FRR: Flight Readiness Review 
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Experiment Descriptions 


Out-Reach FLUID MANAGEMENT AND PROPULSION SYSTEMS Out-Reach 

On-Orbit Fluid Management 

Integrated Cryogenic Experiment (ICE) Microsphere Insulation Investigation 

Deal C. Read 

Lockheed Missiles & Space Company, Research & Development Division 
Contract: NAS2-12897, Ames Research Center, Jeffrey M. Lee 


TECHNOLOGY NEEDED 


• EXTENSIVE TESTING AT LMSC HAS VERIFIED ML I AND MICROSPHERE 
PERFORMANCE PREDICTIONS. EXTRAPOLATING THESE PREDICTIONS FROM 
ONE-G TO LOW-G CONDITIONS SHOW A SUBSTANTIAL IMPROVEMENT IN 
MICROSPHERE PERFORMANCE. 

• THE EFFECTIVE THERMAL CONDUCTIVITY OF MICROSPHERES CAN BE 
APPROXIMATED BY THE LINEAR SUMMATION OF THE CONDUCTION AND 
RADIATION COMPONENTS. 

• IN ONE-G, THE RADIATION COMPONENT DOMINATES AT HIGH BOUNDARY 
TEMPERATURES AND THE SOLID CONDUCTION TERM DOMINATES AT LOW 
VALUES OF THE HOT BOUNDARY TEMPERATURE. 

• IN LOW-G, THE SOLID CONDUCTION COMPONENT WOULD BE ZERO AND 
RADIATION WOULD BE THE ONLY HEAT TRANSFER MECHANISM. 


COMPARISON OF CALCULATED AND MEASURED HEAT RATES 



2 « 250 260 270 280 290 300 310 


T HOT - (K) 
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Out-Reach FLUID MANAGEMENT AND PROPULSION SYSTEMS 

On-Orbit Fluid Management 

Integrated Cryogenic Experiment (ICE) Microsphere Insulation Investigation 

Dean C. Read 

Lockheed Missiles & Space Company, Research & Development Division 
Contract: NAS2- 12897, Ames Research Center, Jeffrey M. Lee 


Out-Reach 


EXPERIMENT CONFIGURATION 


| I NSULATION TUBE CONF IGURATION ] 


I SOL AT I ON WALLS 


SHRINK FIT 


W©P- 

VM®V 



T t INSTRUMENT - 


T« I NS I RUMLN I 
' INSULATION sport 

- - HEATER IUBE 

- INSULA! ION TUBE 


1 - REFERENCE INSULATION TUBE 

2 THRU 9 - MICROSPHERE TUBES 




ORi3?*AL PAGE IS 

Of PQOB QUALfTY 





Oi?13?3VAL Pmi FS 
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Out-Reach FLUID MANAGEMENT AND PROPULSION SYSTEMS Out-Reach 

On-Orbit Fluid Management 

Integrated Cryogenic Experiment (ICE) Microsphere Insulation Investigation 

Dean C. Read 

Lockheed Missiles & Space Company, Research & Development Division 
Contract: NAS2-12897, Ames Research Center, Jeffrey M. Lee 


MASTER SCHEDULE 
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Experiment Descriptions 


FLUID MANAGEMENT AND PROPULSION SYSTEMS 

On-Orbit Fluid Management 

Liquid Motion In a Rotating Tank 

Franklin T. Dodge 
Southwest Research Institute 

Contract: NAS3-25358, Lewis Research Center, F.P. Chiaramonte 


EXPERIMENT OBJECTNE 

Develop a detailed understanding of liquid motions 
in a tank spinning about an external axis - primarily 
"inertial waves.” Rotation rate can be so low that 
surface tension effects are important. 

This understanding is needed for: 

• general scientific knowledge 

(many unanswered theoretical questions that 
cannot be resolved by ground-based testing) 

• design of spinning spacecraft 
(attitude control and stability problems) 


BACKGROUND / TECHNOLOGY NEED 

• Basic theory still has unresolved questions. CFD 
codes have not yet proved applicable. Good data 
is needed to guide theoretical work. 

• Ground-based fundamental experiments are practically 
impossible - spin rate must be large to eliminate 
gravitational effects. Observation and measurement 
under such conditions are practically impossible. 

• Liquid torques and energy dissipation interfere 

with attitude control systems and can cause a "flat* * 
spin for a "prolate* spinner. 

• Lack of good models and data lead to overly 
conservative satellite design. 
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Experiment Descriptions 


FLUID MANAGEMENT AND PROPULSION SYSTEMS 

On-Orbit Fluid Management 

Liquid Motion In a Rotating Tank 

Franklin T. Dodge 

Southwest Research Institute 

Contract: NAS3-25358, Lewis Research Center, F.P. Chiaramonte 


EXPERIMENT DESCRIPTION 


» Basic experimental apparatus is a forced motion 
spin table to control the motion of the test tanks 
- steady spin -0-10 rpm 
* nutation (wobbling) frequency is less than 
twice the spin rate 

► Flow visualization and measurement of fluid torque 
used to determine resonant frequencies and flow 
characteristics 


► Two sets of tanks - ellipsoids and cylinders 
- 15 cm diameter 


■ Cyl indrical Tank 


Ell ipsoidal 
Tank 


Drain Line 




and Powe 


Supp^ \ pr 


Liquid 
Reservoi r ' 


Cone Angle 
(Exaggerated) 


Base Plate 


Spin Motor No. 1 
and Power Supply 



Cylindrical Tank (2) 


Ellipsoidal Tank (2) 


o 


Spin Motor 
Mo. 2 


DM3 


Telemetering and 
Control Electronics 
{<} 


Liquid Reservoir (2) 
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Out-Reach FLUID MANAGEMENT AND PROPULSION SYSTEMS Out-Reach 

On-Orbit Fluid Management 

Liquid Motion In a Rotating Tank 

Franklin T. Dodge 

Southwest Research Institute 

Contract: NAS3-25358, Lewis Research Center, F.P. Chiaramonte 


PROJECT IS IN EXPERIMENT DEFINITION PHASE 

1988 1989 

07 08 09 10 11 12 01 02 03 04 05 06 07 

Objectives & 

Requirements HHHHB 

Conceptual 

Develop Plans, 

Schedule & Cost 
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Experiment Descriptions 


FLUID MANAGEMENT AND PROPULSION SYSTEMS 

Fluid Physics 

Thermoacoustic Convection Heat Transfer 

Prof. Masood Parang 

University of Tennessee, Mechanical & Aerospace Engineering Department 
Contract: NAS3-25359, Lewis Research Center, Dr. An-Ti Chai 


EXPERIMENT OBJECTIVE 


THE OBJECTIVE IS TO ENHANCE FUNDAMENTAL UNDERSTANDING 
OF THERMOACOUSTIC CONVECTION (TAC) HEAT TRANSFER 
PHENOMENON AND EVALUATE ITS IMPORTANCE IN VARIOUS 
PROCESSES INVOLVING TRANSIENT HEAT TRANSFER IN LOW 
GRAVITY ENVIRONMENT. THE EXPERIMENT WILL PROVIDE DATA 
WHICH WILL BE USED TO VERIFY ANALYTICAL RESULTS AND 
COMPARE WITH GROUND-BASED EXPERIMENTS. THE 
UNDERSTANDING OF THIS PHENOMENON WILL BE APPLICABLE TO: 

• DEVELOP INNOVATIVE WAYS FOR RAPID HEATING UNDER 
MICROGRAVITY CONDITIONS 

• IMPROVE HEAT TRANSFER CONTROL IN FLUID HANDLING, 
STORAGE AND TRANSPORT 

• UNDERSTAND THE ROLE AND IMPORTANCE OF HEAT TRANSFER 
IN ACOUSTIC LEVITATORS 


BACKGROUND 


ANALYTICAL STUDIES INDICATE: 


• VERY LARGE HEAT TRANSFER COMPARED TO CONDUCTION 

• VERY SMALL TRANSIENT TIME 


EXPERIMENTAL STUDIES SHOW: 


• CONTRADICTORY AND INCONCLUSIVE RESULTS 

• WHEN TAC EFFECTS ARE OBSERVED. THEIR IMPORTANCE IS 
SEEN TO BE NOT AS SIGNIFICANT 
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Out-Reach 


FLUID MANAGEMENT AND PROPULSION SYSTEMS 

Fluid Physics 

Thermoacoustic Convection Heat Transfer 

Prof. Masood Parang 


Out-Reach 



University of Tennessee, Mechanical & Aerospace Engineering Department 
Contract: NAS3-25359, Lewis Research Center, Dr. An-Ti Chai 



EXPERIMENT DESCRIPTION 

THE APPARATUS WILL 
PROVIDE RAPID HEATING 
OF A COMPRESSIBLE FLUID 
NEAR A BOUNDARY. THE 
SYSTEM CAN BE MODIFIED 
TO PROVIDE EXPERIMENTAL 
DATA FOR BOTH CLOSED 
AND OPEN-ENDED VESSEL 
GEOMETRY. INSTRUMENTATION 
FOR TEMPERATURE AND 
PRESSURE MEASUREMENTS 
ARE REQUIRED TO DETECT AND 
RECORD THE EFFECTS OF 
THERMOCONVECTIVE WAVES. 


to batteries 
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Robotic Systems 
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Out-Reach 


Research and Design of Manipulator Flight Testbeds 

TMDeptovich 

Martin Marietta Corporation, Astronautics Group 
Contract: NAS9-17907, Johnson Space Center, Jerry Reuter 


EXPERIMENT OBJECTIVES 


Advance the state-of-the-art in space robotics through 
the design and development of manipulator testbeds 
to be flown on the Space Transportation System (STS) 
supporting: 


- Rigid Link Manipulators 

- Large, Flexible Manipulators 


BACKGROUND/TECHNOLOGY NEED 

• Significant results from ground experimentation 
have not been validated in space 

• Space robotics R & D program has need for 
long-term testbed capability in support of: 

- Mechanisms 

- Sensors 

- Processing 

- Controls 

• On-orbit experimentation is required to provide 
a~ database for defining technology directions 


EXPERIMENT DESCRIPTION 


• Experiment will support rigid and flexible arm experiments 

• Processing system will support varied controls research objectives 

• Experiment will support both autonomous and teleoperated functions 


Emphasis is on growth capability 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems 

Research and Design of Manipulator Flight Testbeds 

TMDepkovich 

Martin Marietta Corporation, Astronautics Group 
Contract: NAS9-17907, Johnson Space Center, Jerry Reuter 


SUMMARY 

• A need exists for research testbeds, on orbit, to support 
validation of technology 

• Must support both: 

- rigid and flexible structures 

- teleoperation and autonomy 

- operation from ground or space 

• Key design feature: ability to integrate new technology 


SCHEDULE 



163 













INSTEP88 Workshop 
OAST Technology For the Future 
Part 1 : Executive Summary & Experiment Descriptions 


Experiment Descriptions 


Out-Reach AUTOMATION AND ROBOTICS 

Robotic Systems 

Control of Flexible Robot Manipulators in Zero Gravity 

Warren F. Phillips 

Utah State University, Center for Computer Aided Design and Manufacturing 



Out-Reach 


DEVELOP A MANIPULATOR CONTROL SYSTEM CAPABLE OF 
ACCURATELY CONTROLLING A ROBOT ARM WITH LIGHTWEIGHT 
NON-RIGID LINKS IN A ZERO GRAVITY VACUUM, THIS CONTROL 
SYSTEM MUST MEET THE FOLLOWING REQUIREMENTS: 

• POSITION CONTROL OF THE END-EFFECTOR MUST 
BE AS GOOD AS OR BETTER THAN PRESENT DAY 
INDUSTRIAL ROBOTS. 

• CONTROL ACCURACY MUST NOT BE A FUNCTION OF 
PAYLOAD MASS OVER THE DESIGN LOAD-RANGE. 

• STRUCTURAL STIFFNESS OF THE MANIPULATOR 
LINKS MUST NOT SIGNIFICANTLY AFFECT THE 
POSITION CONTROL ACCURACY. 


BACKGROUND / TECHNOLOGY NEED 

PROBLEMS ASSOCIATED WITH USING A COMPLETE MODEL 
BASED, DECOUPLING AND LINEARIZING MANIPULATOR CONTROL 
SYSTEM: 

• IT IS COMPUTATIONALLY VERY EXPENSIVE TO USE 
THE ENTIRE DYNAMIC MODEL INSIDE THE CONTROL 
LOOP. 

• THE VALUES OF THE PARAMETERS IN THE DYNAMIC 
MODEL ARE OFTEN NOT ACCURATELY KNOWN. 

+ SOME OF THE PARAMETERS ARE NOT REPEATABLE 
BECAUSE THEY CHANGE AS THE ROBOT AGES. 

• STRUCTURAL VIBRATIONS MAY BE INDUCED BY THE 
CONTROL SYSTEMS IN MANIPULATORS WITH FINITE 
STIFFNESS. 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems 

Control of Flexible Robot Manipulators in Zero Gravity 

Warren F. Phillips 

Utah State University, Center for Computer Aided Design and Manufacturing 
Contract: NAS8-37754, Marshall Space Flight Center, Pamela Nelson 


BACKGROUND / TECHNOLOGY NEED 

SIMPLIFICATIONS MADE IN MOST PRESENT DAY INDUSTRIAL 
ROBOT CONTROL SYSTEMS: 

• THE DYNAMIC MODEL IS NOT USED AT ALL INSIDE 
THE CONTROL LOOP. 

• THE CONTROL SYSTEM GAINS ARE ALL SET TO 
CONSTANT DIAGONAL MATRICES. 

• THE CONSTANT GAINS ARE SET AS HIGH AS 
POSSIBLE, SO THAT THE ERRORS CAUSED BY THE 
JOINT COUPLING WILL BE QUICKLY SUPPRESSED BY 
THE ERROR DRIVEN CONTROL LAW. 

• ALL LINKS ARE CONSTRUCTED TO BE VERY STIFF, 

TO PREVENT THE HIGH GAINS FROM INDUCING 
STRUCTURAL VIBRATIONS. 


BACKGROUND / TECHNOLOGY NEED 

PROBLEMS ASSOCIATED WITH USING PRESENT INDUSTRIAL 
ROBOT CONTROL SYSTEMS FOR IN-SPACE APPLICATIONS: 

• IF THE MANIPULATOR IS DESIGNED TO HAVE VERY 
STIFF LINKS, IT NATURALLY MUST BE VERY HEAVY. 

A ROBOT TO PAYLOAD WEIGHT RATIO OF 50 IS 
COMMON. 

• IF THE LINK WEIGHT AND STIFFNESS IS REDUCED, 
THE HIGH CONSTANT GAINS WILL EXCITE THE 
NATURAL VIBRATION MODES OF THE MANIPULATOR. 


• IF THE CONSTANT GAINS ARE REDUCED, ERRORS 
INDUCED BY THE JOINT COUPLING WILL NOT BE 
ADEQUATELY SUPPRESSED. 
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Out-Reach 


Robotic Systems 

Control of Flexible Robot Manipulators In Zero Gravity 


Warren F. Phillips 

Utah State University, Center for Computer Aided Design and Manufacturing 
Contract: NAS8-37754, Marshall Space Flight Center, Pamela Nelson 


EXPERIMENT DESCRIPTION 

THE PRESENT RESEARCH WILL TEST THE FEASIBILITY OF 
ACCURATELY CONTROLLING A ROBOT ARM WITH LIGHTWEIGHT 
NON-RIGID LINKS IN A ZERO GRAVITY VACUUM. THE WORK WILL 
BE CARRIED OUT IN THREE PHASES: 

• THE DEVELOPMENT OF A 2-AXIS ROBOT WHICH 
MINIMIZES THE EFFECTS OF GRAVITY AND CAN BE 
USED FOR PRELIMINARY GROUND TESTING OF THE 
CONTROL SYSTEM. 

• THE DEVELOPMENT OF A COMPUTER SIMULATION 
FOR THE TEST ROBOT AND THE CONTROL SYSTEM. 


• THE DEVELOPMENT OF A 3-AXIS ROBOT TO BE USED 
FOR IN-SPACE TESTING OF THE CONTROL SYSTEM. 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems 

Control of Flexible Robot Manipulators in Zero Gravity 

Warren F. Phillips 

Utah State University, Center for Computer Aided Design and Manufacturing 
Contract: NAS8-37754, Marshall Space Flight Center, Pamela Nelson 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 


Robotic Systems 

Control of Flexible Robot Manipulators in Zero Gravity 

Warren F. Phillips 

Utah State University, Center for Computer Aided Design and Manufacturing 
Contract: NAS8-37754, Marshall Space Flight Center, Pamela Nelson 


MASTER SCHEDULE 


GROUND EXPERIMENT DESIGN 
GROUND EXPERIMENT FABRICATION 
GROUND TESTING 
SIMULATION DEVELOPMENT 
SIMULATION 
IN-SPACE EXPERIMENT DESIGN 
IN-SPACE EXPERIMENT FABRICATION 
PRE-FLIGHT TESTING 
MISSION & FLIGHT OPERATIONS 
DATA ANALYSIS 
REFURBISHMENT 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems (Control/Structure Interaction) 

Jitter Suppression for Precision Space Structures 
Robert M. Laurenson 
McDonnell Douglas 

Contract: NAS1-18689, Langley Research Center / JPL, Dean W. Sparks, Jr. / John A. Garba 


EXPERIMENT OBJECTIVE 


• IN-SPACE DEMONSTRATION OF ACTIVE AND PASSIVE 
DAMPING TECHNIQUES TO SUPRESS JITTER FOR 
PRECISION SPACE STRUCTURES 


• IMPLEMENT A SHUTTLE PAYLOAD BAY EXPERIMENT TO 
ACCOUNT FOR IN-SPACE CONDITIONS 

. ESTABLISH GROUND/FLIGHT DATABASE ON JITTER 
SUPPRESSION TECHNIQUES 


BACKGROUND/TECHNOLOGY NEED 

• BACKGROUND 

I - SPACE-BASED OPTICAL APPLICATIONS REQUIRE LOW LINE-OF-SIGHT 
RESIDUAL JITTER LEVELS 

- LASER COMMUNICATIONS AND LASER RADAR ARE REPRESENTATIVE SYSTEMS 

- JITTER SUPPRESSION PLACES DEMANDS ON STRUCTURAL SUBSYSTEM 

- PRESENT SYSTEMS - MICRORADIAN POINTING BUDGETS 

- FUTURE SYSTEMS - SUB-MICRORADIAN POINTING AND/OR LARGER / COMPLEX 
CONFIGURATIONS 

I -TECHNOLOGY NEED 

- GROUND TEST VALIDATION IS INADEQUATE 

- DATA NEEDED FOR LOW-G, THERMAL/VACUUM ENVIRONMENT OF SPACE 

- PROVIDE VALIDATION OF JITTER SUPPRESSION TECHNIQUES FOR 
SPACE APPLICATION 
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Robotic Systems (Control/Structure Interaction) 

Jitter Suppression for Precision Space Structures 

Robert MLaurenson 
McDonnell Douglas 

Contract: NAS1-18689, Langley Research Center / JPL, Dean W. Sparks, Jr. / John A. Garba 


REDUCED JITTER YIELDS SYSTEM PAYOFF 


REDUCED JITTER WITH DAMPING SYSTEM PAYOFF 

• REDUCED WEIGHT 

• HIGHER RELIABILITY 
• INCREASED LIFE 


LOWER COST 


REDUCED POWER 



FREQUENCY 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems (Control/Structure Interaction) 

Jitter Suppression for Precision Space Structures 

Robert M. Lairenson 

McDonnell Douglas 

Contract: NASI -18689, Langley Research Center / JPL, Dean W. Sparks, Jr. / John A. Garba 


EXPERIMENT DESCRIPTION 


• BASED ON EXISTING SPACE-BASED LASER COMMUNICATIONS 
SUBSYSTEM DESIGN 

• USE EXISTING ENGINEERING MODEL HARDWARE 

- MASS SIMULATED EQUIPMENT COMPONENTS 

. INTEGRATE DAMPING INTO GRAPHITE/EPOXY STRUCTURE 

- PASSIVE VISCOELASTIC DAMPING 

- ACTIVE PIEZOELECTRIC DAMPING 

• PROVIDE EXCITATION SOURCES AND INSTRUMENTATION 

• INTEGRATE INTO SHUTTLE PAYLOAD BAY EXPERIMENT 


ENGINEERING MODEL UNIT STRUCTURE 

GRAPHITE/EPOXY CONSTRUCTION 
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t AUTOMATION AND ROBOTICS Out-I 

Robotic Systems (Control/Structure Interaction) 

Jitter Suppression for Precision Space Structures 
Robert M.Laurenson 
McDonnell Douglas 

Contract: NAS1-18689, Langley Research Center / JPL, Dean W. Sparks, Jr. / John A. Garba 


PRELIMINARY EXPERIMENT CONCEPT 


GMBALED TELESCOPE > 
ASSEMBLY MOUNT 


/ TRANSDUCER (5) 
(TYPICAL) 


PASSIVE CONSTRAINED x 
LAYER DAMPING 
(TYPICAL) 


WAGING OPTICS 
ASSEMBLY BENCH \ 


ACTIVE PIEZOELECTRIC 
DAMPING (TYPICAL) 


TRANSDUCERS) 

''(TYPICAL) 


ELECTRON*^ 


NOTE: EQUIPMENT BALLAST 
ITEMS NOT SHOWN 


EXPERIMENT v 
SUPPORT 
STRUCTURE 


SUMMARY 


- EXPERIMENT DEFINITION PHASE 
- JUNE 88 THROUGH FEBRUARY 89 

• BASED ON SPACE-BASED LASER COMMUNICATIONS DESIGN 

- HARDWARE IS AVAILABLE 

- MODIFICATIONS FOR EXPERIMENT BEING DEFINED 

• PERFORM PRELIMINARY ANALYSES 

- DISTURBANCE SOURCES 

- DAMPING IMPLEMENTATION 

- SUPPORTING ANALYSES 
-INSTRUMENTATION 

DEVELOP PRELIMINARY PLANS 

- GROUND TEST, SHUTTLE INTEGRATION, IMPLEMENTATION (COST/SCHEDULE) 
INTEGRATION WTTH OTHER EXPERIMENTS MAY BE BENEFICIAL 

- REDUCED COST 

- MAXIMUM PAYLOAD BAY UTILIZATION 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 


Robotic Systems 

Passive Damping Augmentation for Space Manipulators 
Dr. Thomas E Alberts 

Old Dominion University (Support by 3M Corporation) 

Contract: NASI -18687, Langley Research Center, Jack Pennington 

EXPERIMENT OBJECTIVE 

Demonstrate the use of constrained layer 
viscoelastic damping treatments to reduce vibrations 
in flexible space manipulators. The target example 
is the space shuttle RMS. The current phase of the 
project includes: 

• Analysis and design of damping treatment for 
bending and torsion. 

• Design for reduced sensitivity to temperature 
variations. 

• Simulate and evaluate results. 

• Experimental verification. 
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Robotic Systems 

Passive Damping Augmentation for Space Manipulators 

Dr. Thomas E Alberts 

Old Dominion University (Support by 3M Corporation) 

Contract: NASI -18687, Langley Research Center, Jack Pennington 
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Out-Reach AUTOMATION AND ROBOTICS Out-Reach 

Robotic Systems 

Passive Damping Augmentation for Space Manipulators 

Dr. Thomas E Alberts 

Old Dominion University (Support by 3M Corporation) 

Contract: NASI -18687, Langley Research Center, Jack Pennington 



Finite Element Analysis of Damped System - Torsion 


Two beam element for Five QUA4 elements for 

both sides steel sheets for aluminum beam 



elastic to for viscoelastic for viscoelastic 

connect the material on gabs material on both 


FINITE MESH FOR RECTANGULAR REAM 
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Sensors 

Development of Emulsion Chamber Technology 

John Gregory 

University of Alabama in Huntsville 

Contract: NAS8-37751, Marshall Space Flight Center, Jon Haussler 
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Development of Emulsion Chamber Technology 

John Gregory 

University of Alabama in Huntsville 

Contract: NAS8-37751, Marshall Space Right Center, Jon Haussler 


Experiment Descriptions 


Out-Reach 




SCHE1 
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6 

12 

15 



MONTHS 

MONTHS 

MONTHS 

o 

DESIGN 





ft IffTHANirAL 





n TUTDUAI . . 





o SCIENTIFIC 




o 

MID TERM REVIEW 





o MSEC 

A 



o 

FABRICATION OF TEST ARTICLE 




o 

PHASE B DESIGN REVIEW 

■ 

. . . . . A 


o 

BACKGROUND STUDY 




o 

PREPARATION OF DRAWINGS 




o 

DELIVERY OF DRAWINGS. SPECIFICATIONS 



A 


AND COST PLAN FOR FLIGHT INVESTIGATION 
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SENSORS AND INFORMATION SYSTEMS 

Sensors 

Infrared Focal Plane Performance In the South Atlantic Anomaly 

Frank Juiga 

Lockheed, Research and Development Division 
Contract: NAS2- 12898, Ames Research Center, Craig McCreight 


PROGRAM OBJECTIVES 

• Construct a model to predict selected focal plane 
performance parameters in the South Atlantic 
Anomaly enviroment. Outputs shall include proton- 
induced pulse height distribution in detectors and proton 
induced noise 


Verify pulse height distribution calculations for 
several proton energies and shielding thicknesses 


• Develop a detailed concept for a flight experiment 


NASA and DOD wilt fly missions employing low background IR 
detectors. The proton environment can slgnifcantly affect detector 
performance 


An accurate model is required to assess noise problems and to 
develop signal processing algorithms for noise reduction 




We can model and verify model for effects of particle energy, 
geometric factors, and shielding. We cannot model noise 
contributions due to fluctuations in the instantaneous proton energy 
distribution. 
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SENSORS AND INFORMATION SYSTEMS 

Sensors 

Infrared Focal Plane Performance In the South Atlantic Anomaly 

Frank Junga 

Lockheed, Research and Development Division 
Contract: NAS2-12898, Ames Research Center, Craig McCreight 


PULSE HEIGHT DISTRIBUTIONS, 
NOISE ANALYSIS, AND VERIFICATION 




MaMiaufci 


Chord length distribution 

Proton energy distribution 

Proton energy loss, variance 
in energy distribution 
(a parameter) 

Secondary sources of ionizing 
radiation (e.g. soft x-rays) 

[NOVICE Code] 


Measure puise height 
distributions for various 
angles of Incidence, 
proton energy (20-60 MeV), 
and type and thickness of 
shielding material 

Test for blooming 


Background material assembled for pulse height 
distribution and noise calculations 

Visits to UC Berkeley and Davis cyclotrons to get 
specifics on experiment configurations 

Designed and fabricated necessary fixtures for proton 
pulse height distribution experiments* 

Scheduled Davis cyclotron for Dec 7 


‘NASA Ames completed dewar and software modifications 
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Out-Reach SENSORS AND INFORMATION SYSTEMS 

Sensors 

Infrared Focal Plane Performance In the South Atlantic Anomaly 

Frank Junga 

Lockheed, Research and Development Division 
Contract: NAS2-12898, Ames Research Center, Craig McCreight 


Out-Reach 



PROGRAM SCHEDULE (MONTHS AFTER GO-AHEAD) 


2 I 3 I 4 | 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 


EXPERIMENT DEFINITION 


CYCLOTRON TESTS. 


MODEL DEVELOPMENT 


CONCEPT DEVELOPMENT 


INTERFACE DEFINITION 


PHASE II PLAN 


COST ESTIMATE. 


FINAL REPORT 


Program Start Date: 7 September 1988 
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Out-Reach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 

Construction and In-Space Performance Evaluation of High-Stability Hydrogen Maser Clocks 

Robert F.C. Vessot 

Smithsonian Astrophysical Observatory 
Contract: NAS8-37752, Marshall Space Flight Center, Dr. R. Decher 



• TO DEVELOP TECHNOLOGY FOR ULTRASTABLE 
ATOMIC HYDROGEN MASER CLOCKS FOR LONG 
DURATION SPACE-BORNE EXPERIMENTS 

• TO DESIGN AND BUILD TWO FLIGHT-QUALIFIED 
HYDROGEN MASERS 

• TO TEST AND EVALUATE THE MASERS’ 
PERFORMANCE IN SPACE 


1976 GP-A (REDSHIFT) H-MASER DEVELOPED FOR SHORT DURATION 
ROCKET FLIGHT ~2 HOURS, MASER STABILITY 7x10-15 

1980-84 STUDY OF ORBITING CLOCK EXPERIMENT FOR VERY HIGH 
PRECISION GLOBAL TIME AND FREQUENCY TRANSFER 

1988 GROUND BASED MASER FREQUENCY STABILITY 
APPROACHING 1x10-16 AT 104 SEC; THIS CAN BE REALIZED IN A 
SPACEWORTHY H MASER 


; w wHl ZIU taEj iHalgiJ fgggggi u*i; 




• HIGH PRECISION SPACE-BORNE GUIDANCE AND NAVIGATION SYSTEMS 

• RADIO ASTRONOMY VERY LONG BASELINE INTERFEROMETRY 

• REAL-TIME HIGH PRECISION GLOBAL TIME AND FREQUENCY 

SYNCHRONIZATION 

• GRAVITATION AND RELATIVITY PHYSICS 

•SPACE-BORNE MULTISTATION TIME-CORRELATED RADAR TRACKING 
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Out-Reach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 

Construction and In-Space Performance Evaluation of High-Stability Hydrogen Maser Clocks 

Robert F.C. Vessot 

Smithsonian Astrophysical Observatory 
Contract: NAS8-37752, Marshall Space Flight Center, Dr. R. Decher 


HYDROGEN 

MASER 


Maser 
Control & 
Monitor 
System 


Spacecraft 

Telemetry 

and 

Control 


Maser 
Control & 
Monitor 
System 


HYDROGEN 

MASER 


RECEIVER AND 
FREQUENCY 
SYNTHESIZER 


FREQUENCY 

COMPARATOR 


RECEIVER AND 
FREQUENCY 
SYNTHESIZER 


Data Processor 
and 

Recorder 


GPS 

RECEIVER 
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Out-Reach 


leach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 

Construction and In-Space Performance Evaluation of High-Stability Hydrogen Maser Clocks 

Robert F.C. Vessot 

Smithsonian Astrophysical Observatory 
Contract: NAS8-37752, Marshall Space Flight Center, Dr. R. Decher 



SCHEDULE OF PRESENT PROGRAM AND ITS EXTENSION TO A FLIGHT EXPERIMENT. 

1988 1989 


j 5 TT Aug I Sept I Od I Nov T DeC j J.m [ Fet> I Mar I Apr 1 May T June I July 1 Aug I Sept I Del 


CONTRACT AWARD 
August II. 1988 


CompkHe Dfe-Jgn 
Of Haidwaie 


locale Eitsling and Pfocme 

Haidwwe Components 



Model Shop F abnc alion 


Assemble and Checkout Physics Package 


Adapt F. anting I Funclonal Testing I V Cm a lion 

Coni rot Electronics I in lab I Test 


Lite Testing m 
Vacuum Chamber ' 


Ongoing Smvey of Space Clock Requirements 


Detailed Planning For Space E ipetknem 


Engineering Model 
Oetgn end Test 


f COH Apn*’990 

BuM and test Flight Masers 


Integration Into 
Paytoad and Test 


DELIVERY TO Ak SHIP TO 

M S F-C K 8 C 

JUNE tm J * N *»” 
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Out-Reach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 

Constructbn and In-Space Performance Evaluation of High-Stability Hydrogen Maser Clocks 


Robert F.C. Vessot 

Smithsonian Astrophysical Observatory 
Contract: NAS8-37752, Marshall Space Flight Center, Dr. R. Decher 



EARTH-BASED HYDROGEN MASERS HAVE ACHIEVED EXTREMELY 
HIGH PERFORMANCE AND STABILITY APPROACHING 1x10-16. THIS 
TECHNOLOGY SHOULD BE ADAPTED FOR SPACE APPLICATIONS OF 
LONG DURATION. 

• THE SPACE STATION AND POLAR ORBITER WILL REQUIRE HIGH 
STABILITY CLOCKS FOR 

- VLBI OPERATION OF SPACEBORNE RADIOTELESCOPES 

- WORLD WIDE TIME AND FREQUENCY COORDINATION 

- HIGH SPEED COMMUNICATIONS SYNCHRONIZATION 

• HIGH PRECISION, VERY HIGH STABILITY, CLOCK SIGNALS ARE 
NECESSARY AS AN ON-BOARD UTILITY FOR OTHER SYSTEM 
APPLICATIONS. 


MODERN METROLOGY DEPENDS ON THE DEFINITION OF 
TIME INTERVAL IN TERMS OF THE ATOMIC SECOND. DISTANCE IS NOW 
DEFINED BY THE VELOCITY OF LIGHT IN TERMS OF ATOMIC TIME. 
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SENSORS AND INFORMATION SYSTEMS 

Sensors 

Acceleration Measurement aid Management Experiment Definition 

Jan A Bljvoet 

University of Alabama in Huntsville (support by Teledyne Brown Engineering) 
Contract: NASI -18683, Langley Research Center, Robert C. Blanchard 


Experiment Descriptions 


Out-Reach 


1 liftil , 
r b 1 tor 


32 

. c 

Nov 

80 

30 

. c 

Ma r 

90 

40 

. c 

.J on 

90 

44 

, c 

Dec 

90 

40 

, A 

Jan 

9 1 

47 , 

, c 

Apr 

9 1 

48 , 

, A 

May 

9 3 

4 9 , 

► c 

Jul 

9 3 

52 , 

, c 

Dec 

O X 

5 5 , 

, c 

Mac 

02 

58 , 

, A 

Apr 

92 

57 , 

, n 

May 

92 

09 , 

, c 

.J u 1 

92 

«o , 

, A 

.Jul 

92 

S3 , 

, c 

Oct 

92 

60 , 

, D 

Nov 

92 

68 , 

, A 

Feb 

93 

04 

<0 

1 05 

Ape 

93 

73 , 

, c 

.3 tl J 

93 

74 . 
OV 

J 05 

Auk 

93 

70 , 

, A 

Sep 

93 


Re 1 even t 

pay] P9U 


Aatrn - 1 
SLS 1 
At 1 aa-l 


EIJRECA T 1 

sZ-Lt -ps? 
USMT. 1 
OR E E US 
USMP 1 
SI.S 2 

I SE JL 

IML 2 
4 

T SE 2 
EURECA 2 I 

USMT. 2 
A A EE 

gp - n i 

MS I. B 

fjSL O 


2SL PAL 
SL EM 
2SL PAL 


SL- PAL 
MPESS 


SE -EM 
S L LMt USS 
SL LM+MPESS 
SPAS 

MSI. * MPESS 
SL EM 

SE EM 
MPESS 


SE -EM t MPESS 
2SL PAL 

SI. PAE 

MPESS 

MPESS 


.ow — K 
4 gQt 7 

Acce I ero 
BULker w 


If , o 

ye u 7 

11 , o 

7 

S7 . II . O 

yen 

S? ,11,0 


T J3D 

yes 

S , II , o 

yea 

Ton 

ye s 

s . ii . o 

ye s 

H . O ♦ Till) 

yew 

2 S „ 11 , O 

yes 

TDD 

yew 

Till) 

7 

S7 , 11 , O 

y 

r I’UI> 

yes 

SV , 11 , o 

yes 

87 

yea 

Till) 

yea 

Till) 

ye s 

2S7 , 11 , O 

7 

S(MoJ. ) 7 

yew 

r rm> 

yes 

87 

yes 

S7 


• S — SAMS — Space Accel ora t i on Measurement System ( Le R . C5 . ) 

II — II T RAP — II 1 t£t> Resulul Son Accel erometer Packaije 

( .JSC . L a R . C . ) 

O « OARE = Orbl ta 1 Acce 1 era t 1 on Rwaearch Experiment 
< .JSC „ Ea R . C . ) 


190 




INSTEP88 Workshop 
OAST Technology For the Future 
Part 1: Executive Summary & Experiment Descriptions 


Experiment Descriptions 


Out-Reach 


SENSORS AND INFORMATION SYSTEMS 

Sensors 

Acceleration Measurement and Management Experiment Definition 

JanABijvoet 

University of Alabama in Huntsville (support by Teledyne Brown Engineering) 
Contract: NASI -18683, Langley Research Center, Robert C. Blanchard 


Out-Reach 
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SENSORS AND INFORMATION SYSTEMS 

Sensors 


Dr. Duncan a Cox, Jr. 

Mayflower Communications Company, Inc. 

Contract: NAS5-30358, Goddard Space Right Center, Dr. Seymor Kant 


EXPERIMENT OBJECTIVE 


Determine the feasibility of using NAVSTAR GPS signals 
to accurately measure very small differences in antenna 
locations in multiple antenna arrays. 

o Determine spacecraft orbit, attitude, and flexure* 

Consider shading of antennas by spacecraft 
structures . 

Utilize optimum estimation filters, including 
models of spacecraft dynamics and potentially 
available inertial sensors. 

o Measure very slow ground motions due to 
geodynamics . 

Utilize data obtained by continuously 
monitoring GPS signals at multiple sites, 
including stable baselines as well as 
potentially unstable ones. 

Estimate ionospheric and tropospheric delays 
and multipath perturbations. 


BACKGROUND 

NAVSTAR Global Positioning System (GPS) 

Signals soon available continuously world-wide, to LEO 
and beyond 

Likely to be widely used for spacecraft navigation 

Phase information can be used to measure lengths and 
bearings of short baselines with subcentimeter 
accuracies . 

Allows determination of attitude and flexure of 
spacecraft with multiple antennas. 

Allows determination of geodynamic motions of GPS- 
instrumented ground sites. 


192 



Experiment Descriptions 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 1: Executive Summary & Experiment Descriptions 
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Sensors 


Dynamic Spacecraft Attitude Determination with GPS 

Dr. Duncan B. Cox, Jr. 

Mayflower Communications Company, Inc. 

Contract: NAS5-30358, Goddard Space Flight Center, Dr. Seymor Kant 


Out-Reach 


TECHNOLOGY NEEDS 

GPS-derived attitude data can be used for initial pointing 
of spacecraft subsystems, such as laser radars and laser 
communications systems. But technical issues must be 
resolved before mission applications are undertaken. 

Spacecraft structures obscure the views of satellites 
and cause multipath interference. 

A Geodynamic Laser Ranging System (GLRS) demonstration can 
benefit from having independent GPS measurements of 
terrestrial baselines with subcentimeter accuracies. 

A system design employing low-cost, weather-tolerant, 
terrestrial equipment and advanced algorithms needs to 
be developed and demonstrated. The system should be 
integrated appropriately with the GLRS system. 


EXPERIMENT DESCRIP TION 
Instrumented space vehicle 

Three GPS antennas, one GPS receiver, one high-accuracy 
clock, one digital controller, one data recorder. 

One independent attitude determination subsystem, 
preferably part of a GLRS experiment. (Note that GPS 
receivers are likely to be utilized by GLRS for orbit 
determination. ) 

Record raw GPS pseudorange and phase data, and 
independent attitude data for post-flight processing. 
Include inertial sensor data if available. 

Instrumented terrestrial range 

A GPS antenna, receiver, and recorder at each of two 
GLRS sites. 

Compare GPS attitude and baseline data with independent 
results . 
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Out-Reach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 


Dynamic Spacecraft Attitude Determination with GPS 
Dr. Duncan B. Cox, Jr. 

Mayflower Communications Company, Inc. 

Contract: NAS5-30358, Goddard Space Flight Center, Dr. Seymor Kant 
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SUMMARY 


GPS signals probably can be used simply and at low cost 
to determine the attitudes of spacecraft, and bending 
of spacecraft members, to milliradian accuracies. 

GPS signals probably can be used with low cost 
equipment for determination of slow geodynamic motions 
of terrestrial baselines to subcentimeter accuracies. 

An experiment is proposed in which GPS would 
synergisticallpy support' a GLRM experiment. 

Utilizing GLRM-spacecraf t attitude data to 
corroborate GPS attitude data. 

Utilizing GPS data to corroborate GLRM baseline 
data . 


Using GPS data for satellite orbit estimation, to 
the benefit of both experiments. 
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Out-Reach SENSORS AND INFORMATION SYSTEMS Out-Reach 

Sensors 

Stanford University/NASA Laser In-Space Technology Experiment (SUNLITE) 


Robert L. Byer, Stanford University 

A. Martin Buoncristianl, Langley Research Center (National Research Council) 


The NPRO Module 


Piezo-electric 
crystal (PZT) 


magnet 


The Nd:YAG loser is tuned 
by modulating the voltage 
across the PZT sgueezing 
or stretching the crystal. 

The laser crystal is specially 
ground containing all the 
elements of the laser 
cavity taking advantage 
of total internal reflection. 


Nd:YAG crystal 


The magnet functions as an optical 
diode to assure a unidirectional 
light path. 



1064nm 
'output 


Diode laser 
pump 



The self contained unit will be 
stored in a Shuttle mid-deck 
locker. The experiment timeline 
lakes about an hour, a warm- 
up period followed by short 
dota taking periods. Data is 
stored in solid state memory 
for dump after the return flight. 


DESCRIPTION 

The experiment consists of 3 NPROs 
in heterodyne pairs using 
photodetection for examination and 
recording of difference signals. 
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Sensors 

Stanford University/NASA Laser In-Space Technology Experiment (SUNLITE) 

Robert L. Byer, Stanford University 

A. Martin Buoncristiani, Langley Research Center (National Research Council) 


Out-Reach 



SCHEDULE 


Calendar Year 

Conceptual Dsg Rev 
Workshop 
Breadboard 
Prelim Dsg Rev 
Brassboard 
Critical Dsg Rev 
KC135 Flight 
Flight Fabrication 
Available for Fit 


1989 


. 1990 , 1991 . 

ill I I L i_ L 1 ( 


1992 
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Out-Reach IN-SPACE SYSTEMS Out-Reach 


Maintenance, Repair, and Fire Safety 
Definition of Experiments to Investigate Fire Suppressants in Microgravity 

Dr. James J. Reuther 

Battelle Columbus Division 

Contract: NAS3-25362, Lewis Research Center, Mr. Robert Friedman 


EXPERIMENT OBJECTIVE 

• Define specific in-space technology experiment(s) to 
identify, evaluate, and develop effective fire 
suppressants for the microgravity environment. Fire 
suppression technology is broadly defined as the 
technology both to prevent ignition through 
atmosphere control and to extinguish smoldering and 
flaming combustion once initiated. 


BACKGROUND/TECHNOLOGY NEED 


• A preliminary analysis by Battelle of the combustion 
situation under microgravity conditions revealed that 
spacecraft fire suppression may be more difficult 
than that for 1-G fires on Earth. Specifically, fire 
suppressants that are routinely and rather universally 
used on Earth may not be as effective, or may even 
be ineffective, in spacecraft fire situations. 

• Because there may not be proven techniques 
developed to extinguish fires in space, crews and 
hardware of future manned space missions may be at 

risk. 




EARLY PROGRESS 


• Determination ol the extent to which the effectiveness 
and/or mode of action of terrestrial fire suppressants 
are altered by the spacecraft environment. 


• Formulation of guidelines with which to identify 
terrestrial agents that have the potential for acting as 
effective spacecraft fire suppressants. 


EXPERIMENT DESCRIPTION 

• The apparatus will provide 
a means by which to 
simulate various flame 
situations representative of 
plausible spacecraft fire 
scenarios after which 
various means will be used 
to deliver and evaluate the 
suppression effectiveness of 
various agents. 


I'.rrii 


ZERO GRAVITY 
COMBUSTION 


• 
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Out-Reach 


IN-SPACE SYSTEMS 

Maintenance, Repair, and Fire Safety 
Risk-Based Fire Safety Experiment Definition 


Out-Reach 


George Apostolakis 

University of California, Los Angles 
Contract: NAS8-37750, Marshall Space Flight Center, J. Austin 


EXPERIMENT OBJECTIVE 

Expand the understanding of processes and phenomena important to the 

ASSESSMENT OF RISKS ASSOCIATED WITH FIRES IN SPACECRAFT. 

• Observe the mechanisms of flame propagation between two solid objects 

AND THE COMPETING PROCESSES OF DETECTION AND SUPPRESSION. 

• OBSERVE THE GENERATION, MOTION, AND ADVERSE IMPACT OF COMBUSTION 
PRODUCTS. 

• CONTRIBUTE TO THE DEVELOPMENT OF PROBABILISTIC RISK ASSESSMENT 
METHODOLOGY FOR SPACECRAFT. 


BACKGROUND 

• Quantitative Risk assessment is playing an increasingly important role in 
identifying significant risks and justifying mitigating actions (See also 
NMI 8070.4) 

• PRA Methodology Quantifying the fire risk in nuclear power plants has 

BEEN DEVELOPED AT UCLA. 

TECHNOLOGY NEEDS 

• TO INTEGRATE BASIC KNOWLEDGE ACQUIRED IN PREVIOUS MICROGRAVITY RESEARCH 

| TO INVESTIGATE SYSTEM LEVEL PHENOMENA 

• TO EXPAND BASIC FIRE-SAFETY KNOWLEDGE 

OUTLINE OF FIRE RISK ASSESSMENT 

1 . IDENTIFICATION OF "CRITICAL" LOCATIONS AND ASSESSMENT OF THE 
FREQUENCY OF FIRES. 

2. Estimation of fire growth times and competing detection and 

SUPPRESSION TIMES. 

Q = Fr{Tg < Td + Ts | FIRE} 

3. RESPONSE OF THE SYSTEM. 

1 + 2 + 3 => >-d=£ ^jQd|jQd|d,j 
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IN-SPACE SYSTEMS 

Maintenance, Repair, and Fire Safety 
Risk-Based Fire Safety Experiment Definition 
George Apostoiakis 
University of California, Los Angles 
Contract: NAS8-37750, Marshall Space Flight Center. J. Austin 


Experiment Descriptions 


Out-Reach 


Preliminary Schematic 


Sensors 

Oxygen 

0 

Temperature 

□ 

Pressure 

• 

Smoke 

■ 


Command & 
Data Storage 


FLUIDS 

MODULE 


Program Master Schedule 


MILESTONES 


•Review STS, S/L & SS 
Configs & l/F Reqmts 

•Review Microgravity Fire 
Research 

•Mission Science Reqmts j 
•System Reqmts 
•Detailed Expermt Det. 
•Hardware Designs 
•Final Report 


Exprmt ffiefini 




•Detailed Design 
•Fab, Assy, Test 
•Mission & Flight Ops 
•Data Analyses 


As of 06 Dec 88 


90 91 92 93 


hip tl Launch 

A 

CD 
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Materials Processing 

Plasma Arc Welding In Space 

Boris Rubinsky 

University of California, Berkeley 

Contract: NASI -18686, Langley Research Center, Dr. John Buckley 


EXPERIMENT OBJECTIVE 

TO DEVELOP A FUNDAMENTAL UNDERSTANDING OF THE HEAT TRANSFER, 
MASS TRANSFER AND FLUID aOW PROCESSES THAT OCCUR DURING PLASMA 
ARC WELDING IN A LOW-GRAVITY AND LOW PRESSURE ENVIRONMENT. TO 
DEVELOP CORRELATIONS WITH ANALYTICAL MODELS. THIS UNDERSTANDING 
WILL BE APPLIED TO: 

• THE IDENTIFICATION OF THE OPTIMAL PARAMETERS FOR 
PLASMA ARC WELDING IN SPACE. 

* THE DESIGN OF LOW WEIGHT TASK SPECIFIC PLASMA ARC 
WELDING SYSTEMS. 

BACKGRQU N PiTECH N QLQCY NEEDS 

* COMPUTER MODEL OF THE PLASMA ARC WELDING PROCESS FOR 
THE IDENTIFICATION OF WELDING PARAMETERS. 

* ANALYTICAL AND EXPERIMENTAL METHOD FOR THE ANALYSIS OF 
THE EXPERIMENTAL DATA RETRIEVED FROM THE IN-SPACE 
EXPERIMENT. 

* EXPERIMENTAL SYSTEMS FOR VERIFICATION OF THE ABOVE 
METHODS IN GROUND-BASED LABORATORIES. 

COMPUTER MODEL 

A FINITE ELEMENT COMPUTER MODEL WILL PROVIDE THE ABILITY 
TO DETERMINE THE SHAPE OF THE LIQUID REGION AND THE 
TEMPERATURE DISTRIBUTION IN THE SOLID REGION AS A FUNCTION OF 
GRAVITY AND AIR PRESSURE. 

ASSUMPTIONS USED IN THE STUDY INCLUDE: 

THE PROCESS IS QUASI-STATIONARY AS VIEWED IN A FRAME OF 
REFERENCE MOVING WITH THE PLASMA-TORCH. 

THE MOLTEN LIQUID IS NEWTONIAN AND INCOMPRESSIBLE. 

THE HEAT TRANSFER AND FLUID FLOW CORRELATIONS FOR THE 
FLOW OF PLASMA ARE TAKEN FROM KNOWN EXPERIMENTAL DATA 
FOR FLOW OF PLASMAS IN TUBES. 

MATERIAL PROPERTIES ARE TEMPERATURE DEPENDENT. 
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IN-SPACE SYSTEMS 


Out-Reach 


Materials Processing 


Plasma Arc Welding In Space 

Boris Rublnsky 

University of California, Berkeley 

Contract: NAS1-18686, Langley Research Center, Dr. John Buckley 


Velocity and temperature distributions 
in the molten pool, U- 0.5 mm/sec 



Temperature distribution in the solid 
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IN-SPACE SYSTEMS 

Materials Processing 

Plasma Arc Welding In Space 

Boris Rubfnsky 

University of California, Berkeley 

Contract: NAS1-18686, Langley Research Center, Dr. John Buckley 



AN INVERSE FINITE ELEMENT COMPUTER PROGRAM WILL PROVIDE 
THE ABILITY TO DETERMINE THE TEMPERATURE FIELD AND THE 
POSITION OF THE SOLID-LIQUID INTERFACE DURING WELDING USING 
CONTINUOUS TEMPERATURE AND HEAT FLUX MEASUREMENTS TAKEN ON 
THE OUTER SURFACE OF THE WORKPIECE, AWAY FROM THE WELD REGION 
THE METHOD COULD ALSO PROVIDE REAL TIME CONTROL OVER THE 
QUALITY OF THE WELDING PROCESS. 


THE DIRECT AND INVERSE FINITE ELEMENT COMPUTER CODES 
WILL BE VERIFIED USING A COMMERCIAL PLASMA ARC WELDING SYSTEM 
THROUGH: 


THERMOCOUPLE TEMPERATURE MEASUREMENTS. 
HIGH POWER FLASH X-RAY PHOTOGRAPHY. 
METALURGICAL CROSS SECTIONS. 


DEVELOPMENT OF 
DIRECT FINITE 
ELEMENT CODE 


DEVELOPMENT OF 
INVERSE FINITE 
ELEMENT CODE 


DESIGN OF EXPERIMENT 
TO VERIFY INVERSE COOC 
AND DIRECT CODE 


VERIFICATION OF 
INVERSE AND DIRECT 

cooe 


COMP AT ABILITY 
DESIGN CONSTRAINTS 
WITH SPACECRAFT 


DESIGN OF SYSTEM 
FOR EXPERIMENT 
IN SPACE 
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Out-Beach IN-SPACE SYSTEMS Out-Reach 

Materials Processing 

Extra-Vehicular Activity Welding Experiment 

Gaiy Schnittgrund 

Rockwell International Corporation, Rocketdyne Division 
Contract: NAS8-37753, Marshall Space Flight Center, Arthur C. Nunes 


Russian Astronaut Welding 
in Space (1986) 



Experiment Description 
Issues 

• Equipment requirements 

• Process interactions 

• Materials effects 

• Human factors 

On-Orbit Tasks 

• Manual GTA welding 

• Semiautomatic in-place GTA tube welding 

• Various materials, configurations, 
orientations, parameters 

Baseline Data 

• KC-135 low-G tube welding 

• Gas can (G-169) tube welding experiment 

• Pressure-suited manual welding tests 

• KC-135 manual welding tests 

• Laboratory process development 
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Out-Reach IN-SPACE SYSTEMS Out-Reach 

Materials Processing 

Extra-Vehicular Activity Welding Experiment 

Gary Schnlttgrund 

Rockwell International Corporation, Rocketdyne Division 
Contract: NAS8-37753, Marshall Space Flight Center, Arthur C. Nunes 


Tungsten Inert Gas (TIG) Vacuum Welding Apparatus 



Tungsten Inert Gas Vacuum Welding Experiment 



ORIGINAL PAGE is 
OF POOR QUA-lTY 
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Out-Reach IN-SFACE SYSTEMS Out-Reach 

Materials Processing 

Extra-Vehicular Activity Welding Experiment 

Gary Schnlttgmnd 

Rockwell International Corporation, Rocketdyne Division 
Contract: NAS8-37753, Marshall Space Flight Center, Arthur C. Nunes 



Automatically Pulsed Single Pass 
Full Penetration Vacuum GTA Weld 
Material 304SS 



6 9X Msg. « 9X Mag. 9X Mag. 


Appearance of Top Bead Appearance of Croaa-Sectlon 

Bottom Bead Top Width = 0.229 in., Bottom Width = 0.090 In. 
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Out-Reach 

Materials Processing 



Extra-Vehicular Activity Welding Experiment 


Gary Schnittgrund 

Rockwell International Corporation, Rocketdyne Division 
Contract: NAS8-37753, Marshall Space Flight Center, Arthur C. 

Nunes 



Rockwell International /Cal Poly Gas Can 


Welding Experiment 
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Out-Reach IN-SPACE SYSTEMS Out-Reach 

Materials Processing 

Extra-Vehicular Activity Welding Experiment 

GarySchnlttgrund 

Rockwell International Corporation, Rocketdyne Division 
Contract: NAS8-37753, Marshall Space Flight Center, Arthur C. Nunes 


Master Schedule 


Milestones 

KC-135 Flight Experiments 
Vacuum Welding 
Gas Can Experiment 
Definition 

Technicai Requirements 
and Objectives 

Equipment Design 
Work Station Design 
Human Factors Evaluation 
Flight Experiment Development 
Detailed Equipment Design 
Equipment Fabrication and Checkout 
Training and Baseline Data Acquisition 
Payload Integration and Checkout 
First Flight 
Data Analysis 


Year 

IMS 

ISSlTJ 

1990 

1991 

1992 

1993 


A 

AAA 







A LeRC 

? Shuttle 
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Materials Processing 

On-Orbit Electron Bean Welding Experiment 

WHilam Hooper 

Martin Marietta Aerospace, Manned Space Systems 
Contract: NAS8-37756, Marshall Space Flight Center, Arthur C. Nunes 


Out-Reach 



SIX WELD PANEL CONFIGURATIONS AND 
WELD SCHEDULES ARE DEVELOPED 
ONE SET OF SIX PANELS IS WELDED IN 
GROUND-BASED EXPERIMENT 
AN IDENTICAL SET IS MOUNTED FOR 


• ONORBIT ENCLOSURE IS PORTED TO SPACE: 

THE AUTOMATED CYCLE OF WELDS IS REPEATED 

• THE OPTIONAL HAND-HELD WELDING EXPERIMENT 


PROPERTIES OF ONORBIT WELDED AND GROUND- 
LEVEL WELDED PANELS ARE COMPARED 
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IN-SPACE SYSTEMS 

Materials Processing 

OnOrM Electron Beam Welding Experiment 

William Hooper 

Martin Marietta Aerospace, Manned Space Systems 
Contract: NAS8-37756, Marshall Space Flight Center, Arthur C. Nunes 


Out-Reach 


EXPERIMENT ENCLOSURE - 


ELECTRONICS AND 
CONTROLS ENCLOSURE- 




WELDING GUN 


-MANUAL WELD PANEL 


EB WEI DING GUN {60 LB5 . ) \ 

• 8 FT. CABLE (2) 

EXPERIMENT ENCLOSURE (150 IBS.) 
MANUAL WELD PANEL (30 LBS. ) 

ELECTRONICS AND CONTROLS (150 LBS.) 

• POWER SUPPLY/ TRANSFORMER 

• CONTROL COMPUTER 


-ORBITER BAY ENVELOPE 
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Materials Processing 

Laser Welding In Space 

Dr. Gary L Workman and Dr. William F. Kaukler 

University of Alabama in Huntsville 

Contract: NAS9-17962, Johnson Space Center, Jay Bennett 
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IN-SPACE SYSTEMS 

Materials Processing 
Laser Welding In Space 
Dr. Gary L Workman and Dr. William F. Kaukler 

University of Alabama in Huntsville 
Contract: NAS9-1 7962, Johnson Space Center, Jay Bennett 



SUMMARY 


Laser welding experiments have been performed on the KC-135 aircraft re- 
sulting in a preliminary definition for a space based welding facility using a solid- 
state laser with fiber-optic delivery system and solarpumping foran alternate source 
of energy. 


SCHEDULE 



TASK 88 

Ground Based Experiment Definition 


Laser Sources Evaluation 
Determine Weld Parameters 
Metallurgical Analysis 
KC- 135 Experimentation 


Space Experiment Definiton 

Space System Design 
Fabrication 

Flight Test and Qualification 
Space Based Experiments 


Current Contract 


89 


90 


91 


92 


Future Efforts 
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Materials Processing 

Liquid Encapsulated Float Zone Refining of Gallium Arsenide 

Edward Barocela 


McDonnell Douglas Astronautics Company 
Contract: NAS3-25360, Lewis Research Center, Amon Chait 
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Out-Reach 


IN-SPACE SYSTEMS 

Materials Processing 

Liquid Encapsulated Float Zone Refining of Gallium Arsenide 

Edward Baroceia 

McDonnell Douglas Astronautics Company 
Contract: NAS3-25360, Lewis Research Center, Amon Chait 


Out-Reach 



• REFINE BASELINE OPERATING PARAMETERS TO OPTIMIZE: 


ELECTRICAL POWER CONSUMPTION 


- PEAK TEMPERATURE 

- THERMAL GRADIENTS 


• ESTABLISH REQUIREMENTS FOR COATING PROCESS BY INVESTIGATING 
THE EFFECTS OF: 


- DIFFERENT ENCAPSULANT THICKNESSES 

- ENCAPSULANT THICKNESS NONUNIFORMITIES 


PINHOLES IN THE ENCAPSULANT 
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IN-SPACE SYSTEMS 

Materials Processing 

Liquid Encapsulated Float Zone Refhing of Gallium Arsenide 

Edward Baroceta 

McDonnell Douglas Astronautics Company 
Contract: NAS3-25360, Lewis Research Center, Amon Chait 


Experiment Descriptions 


Out-Reach 


Inaani 


TECHNICAL REQUIREMENTS 
AND OBJECTIVES 

HARDWARE CONCEPT 

PROJECT PLAN 

SYSTEM DESIGN 

FABRICATION 
AND ASSEMBLY 

TEST AND FLIGHT 
QUALIFICATION 

PAYLOAD INTEGRATION 
AND CHECK OUT 

FIRST FLIGHT 
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EXPERIMENT DESCRIPTION 


TRAVELING 


HEATING / 
ELEMENTS^ 



COMPACTED 

SOURCE 


CAPILLARY 
INITIAL FILL 
LEAK 

VIEWING 
)r> PORT 


Essential Elements of Congruent (Diffusionless) 

Growth Technique: 

• Semi-dosed (leaky) ampoule 

• Predetermined (viscous) transport rates and 
minimization of rate fluctuations 

• No sealing of ampoule required 

• Initial purification of source material 

• Continuous purification, but possible stoichiometry shifts 

• Predetermined crystal location, size and orientation 

• Observability and, hence, controllability of seeding 


Temperature profile readily adjustable and, hence, 
expedient determination of optimum growth conditions 
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Out-Reach 

Materials Processing 
Vapor Crystal Growth Technology 

Franz E Rosenberger and Francis C. Wessllng 

University of Alabama Center for Microgravity and Materials Research (support by Boeing) 

Contract: NAS3-25361 , Lewis Research Center, Walter Duval 

TASK SCHEDULE/PRODUCTS 

’88 

*89 ’90 

O N D J F W 

IAMJ J ASONDJ FM 

EXPERIMENT TECHNICAL REQUIREMENTS 
Definition of Experiment Requirements 
Choice of Specific Crystal Material 
Supporting Research 

Modeflinq of heat transfer, thermometry 


Modelling of vapor transport conditions 


Prototype System and Experiments 

Component desiqn. building and/or procurement 

System assembly and testing 


Development of (semi-automated) growth procedure 


Technical Requirements Report 


EXPERIMENT CONCEPTUAL DESIGN (For Phase II) 

Definition of Specific In-Space Technology Experiment 


Identification of Support Equipment Requirements 


Hardware Accomodation Study 


Engineering Trade Study 


Functional Diagram 


IMPLEMENTATION PLAN AND COST ESTIMATE (For Phase II) 


REVIEWS AND REPORT 

Quarterly Technical Status Reports A 

A A 

Semiannual Progress Report A 

A 

Final Report (principal deliverable) 

A 

MEETINGS 

OAST IN STEP (Atlanta) 0 

Review Technical Requirements (UAH) C 


Review Hardware Concept (LeRC) 

O 

Final Review (LeRC) 

O 
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1 HUMANS IN SPACE 

Human Performance 


Experiment Descriptions 


Enhancement of In-Space Operations Using Spatial Perception Auditory Referencing (SPAR) 

Dr. Robert H.L Blanks, Dr. Jole P. Jones, and Dr. Yasuhiro Torigoe 

University of California, Irvine 

Contract: NAS2-12834, Ames Research Center, Elizabeth M. Wenzel 



KINEMATIC REFERENCING (SENSOR SYSTEMS) ASTRONAUT BODY AND HEAD POSITION, 
ROBOTS AND PARTS 

OPTIMUM SOUND SYSTEM, HELMET AND HEADPHONE DESIGN 
INTERFACE TO COMPUTER SYSTEMS/COMMUNICATIONS 


CONSTRUCTION AND MAINTENANCE OF SPACE STATION REQUIRES UNPRECEDENTED AMOUNTS OF 
EVA ACTIVITY 

THE BENEFITS OF DIRECTIONALLY CODED SOUND ON ASTRONAUT PERFORMANCE EVA (IMPROVED 
SAFETY, WORK EFFICIENCY, VIGILANCE) ARE BEST ASSESSED OPERATIONALLY AND 
UNDER MICROGRAVITY CONDITIONS 

SPACE ADAPTATION SYNDROME (SAS) WILL BE A PROBLEM GIVEN FREQUENT CREW CHANGES FOR 
CONSTRUCTION AND SERVICING OF THE STATION 

TREATMENT STRATEGIES FOR SAS MUST ULTIMATELY BE TESTED IN MICROGRAVITY OF SPACE 


SENSORS 


INTEGRATOR 


EFFECTORS 


ONBOARD 

COMMUNICATIONS 


VISUAL AUDITORY 


THREE DIMENSIONAL REFERENCING 
OF ASTRONAUT HEAD POSITION & 
ORIENTATION RE. SPACECRAFT 
ACHIEVED BY; 

1) ON BOARD INERTIAL 
NAVIGATION SYSTEMS 

2) UPGRADE OF “COMMON 
TRACKING SYSTEM" TO INCLUDE 
ASTRONAUT POSITION & 
ORIENTATION 

3) NEW APPLICATION FOR 
LOCAL NAVIGATION SYSTEMS 

* LASER DOCKING SYSTEM 

* FIBER OPTIC INERTIAL 

GYROSCOPES 


STAND ALONE 

HARDWARE/FIRMWARE SYSTEM 
SINGLE BOARD - MULTIPROCESSOR 


EVA; SMALL CONTROLLER 
BOARD ON EMU 


IV A/GROUND CONTROL: 

INTERFACE/ADD ON TO 
ON BOARD COMPUTER 
SYSTEM 

FULL COMPATIBILITY WITH 
ON BOARD /GOUND CONTROL 
SYSTEMS 


AUD ITORY DISPLAY OF: 

1) WARNING SIGNALS 

(0 2 LEVELS, PROXIMITY ALERT) 

2) ACOUSTICAL POINTING 
(AIRLOCKS, PARTS, ETC ) 

3) 3-D SOUND 

(CODED TRANSMISSIONS BETWEEN 
ASTRONAUTS AND SAFETY OFFICER) 

SIMULTANEOUS VISUAL DISPLAY FOH 
BENEFIT OF ON BOARD SAFETY OFFICE R 

* DISPLAY MODES 1 & 2 COULD BE 
ACHIEVED WITH FIXED SPEAKER IN EMU 
HELMET OR VIA EAR INSERTS 3 D 
SOUND (3 ABOVE) REQUIRES FIXED 
MULTIPL E SPEAKERS OR I IFAD PI IONI S 
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Human Performance 

Out-Reach 

Enhancement of In-Space Operations Using Spatial Perception Auditory Referencing (SPAR) 
Dr. Robert H.L Blanks, Dr. Jole P. Jones, and Dr. YasuNro Torlgoe 

University of California, Irvine 

Contract: NAS2-12834, Ames Research Center, Elizabeth M. Wenzel 

SCHEDULE 


1986 

_1989 
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Experiment Descriptions 


HUMANS IN SPACE 

Closed-Loop Life Support 

Definition Of a Microbiological Monitor for Application in Space Vehicles 

Melvin V. Kilgore, Jr., and Dr. Robert J. Zahorchak 

University of Alabama in Huntsville, Consortium For the Space Life Sciences 
Contract: NAS9-17963, Johnson Space Center, Dr. Duane Pierson 


• Identify and Evaluate current methodologies for microbial monitoring 

• Determine the Feasibility of Developing the Hardware for Space Applications 

• Develop a Method for the Application of Microbiological Monitoring in Space 

• Develop a Conceptual Design and Functional Diagram 

• Prepare a Cost Estimate Regarding the Development Phase 

• Define the Experimental Parameters to be Evaluated on Future STS Missions 


i Thorough Evaluation of the Candidate Methodologies 

► Development of Prototype Hardware 

► Extensive Ground Based Evaluation of Hardware and Methodology 

► In Flight Experiments 


• Necccessity for Microbiology Monitoring 
Closed System Environment 
Increased Duration Missions 
Increased Distances 

Potential for Immuno Compromised Crew 
Experiments and Hardware 

• Current Methodologies 
Particulate Detection 
Culture Techniques 
Indicator Organisms 


i Unique Requirements 

Microgravity Conditions 
Multiple Sample Handling 
Power, Weight, Volume 
Analysis Time 

► Specifications 
Water 
Air 

Surfaces 


TECHN OLOGY NEED 

. No Commonly used Near Real Time Monitor Currently Available 


> Assurance of Performance 


i Bacterial Physiology Significantly Different in Space 
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HUMANS IN SPACE 

Closed-Loop Life Support 

Definition Of a Microbiological Monitor for Application in Space Vehicles 

Melvin V. Kilgore, Jr., and Dr. Robert J. Zahorchak 

University of Alabama in Huntsville, Consortium For the Space Life Sciences 
Contract: NAS9-1 7963, Johnson Space Center, Dr. Duane Pierson 


Experiment Descriptions 


Out-Reach 



EXTENSVIE GROUND BASED EVALUATION OF METHODOLOGY 
DEVELOPMENT OF PROTOTYPE AND GROUND BASED STUDIES 
PROOF OF CONCEPT (IN FLIGHT) 

EVALUATION of HARDWARE (IN FLIGHT) 
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HUMANS IN SPACE 

Closed-Loop Life Support 

Definition Of a Microbiological Monitor for Application in Space Vehicles 

Melvin V. Kilgore, Jr., and Dr. Robert J. Zahorchak 

University of Alabama in Huntsville, Consortium For the Space Life Sciences 
Contract: NAS9-17963, Johnson Space Center, Dr. Duane Pierson 



• It Should be Adaptable to Water, Air and Surfaces 

• It Should be Reliable and Require Little Maintenance 

• If Should be Rapid 

• 1 1 Should be Self-Contained and Require Minimum Crew Support 

• It Should provide for Crew and Ground Support Interactions 

• It Should Lend itself to Improvements and Modifications toward both Quantitative and Qualitative 
Monitor 

• It Should be ready for Incorporation Aboard SS Freedom 


• Identified Approximately 30 Methodologies having Potential Application to Microbiological Monitoring 

• Approximately One-third of these met the Primary Requirements 

• Five Highest Candidates from Secondary Screening choosen for Further Evaluation 

• Engineering Trade Studies Currently Underway 

• Feasability Studies Currently Underway 

• Conceptual Design and Functional Diagrams 
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Out-Reach HUMANS IN SPACE Out-Reach 

Closed-Loop Life Support 

Design Of a Closed-Loop Nutrient Solution Delivery System for CELSS Application 

Dr. Steven H. Schwartzkopf and Mr. Mel W. deson 

Lockheed Missiles & Space Co., Boeing Aerospace Co. 

Contract: NAS9-17981, Johnson Space Center, Dr. Hatice S. Cullingtord 



TO DEVELOP A CONCEPTUAL DESIGN FOR A CLOSED-LOOP 
FLUID HANDLING SYSTEM THAT IS CAPABLE OF MONITORING, 
CONTROLLING, AND SUPPLYING NUTRIENT SOLUTION TO HIGHER 
PLANTS UNDER MICRO-GRAVITY ENVIRONMENTAL CONDITIONS 
IN A CELSS APPLICATION 




THE TRANSFER, STORAGE AND CONTROL OF LIQUIDS UNDER 
MICRO-GRAVITY CONDITIONS IS A UBIQUITOUS PROBLEM FOR 
SPACE FLIGHT. FOR ADVANCED LIFE SUPPORT (CELSS) APPLI- 
CATIONS, THE HANDLING OF FLUIDS AND THE CONTROL OF FLUID 
COMPOSITION ARE TWO OF THE MAJOR PROBLEMS. 

THE TECHNOLOGY TO SOLVE THESE PROBLEMS WILL LEAD TO 
A SIGNIFICANT REDUCTION IN THE AMOUNTS OF LIFE-SUSTAINING 
MATERIALS CARRIED ON MANNED MISSIONS; THUS DECREASING 
THE ECONOMIC COST OF THESE MISSIONS. 




THE PROTOCOL OF THIS EXPERIMENT IS DESIGNED TO: 

1) MEASURE SOLUTION MONITORING CAPABILITIES UNDER 

MICRO-GRAVITY CONDITIONS 

2) MEASURE SOLUTION COMPOSITION CONTROL CAPABILITIES 
UNDER MICRO-GRAVITY CONDITIONS 

3) MEASURE THE CAPABILITY OF THREE DIFFERENT NUTRIENT 
SOLUTION DELIVERY/RECOVERY SYSTEMS TO PROVIDE 
WATER AND NUTRIENTS TO HIGHER PLANTS UNDER MICRO- 
GRAVITY CONDITIONS 

4) MEASURE THE CAPABILITY TO CONDENSE, COLLECT AND 
RECYCLE WATER VAPOR 

CELSS: Controlled Ecological Life Support Systems 


232 







INSTEP88 Workshop 

OAST Technology For the Future Experiment Descriptions 

Part 1 : Executive Summary & Experime nt Descriptions 

Out-Reach HUMANS IN SPACE Out-Reach 

Closed-Loop Life Support 

Design Of a Closed-Loop Nutrient Solution Delivery System for CELSS Application 

Dr. Steven H. Schwartzkopf and Mr. Mel W. Oleson 

Lockheed Missiles & Space Co., Boeing Aerospace Co. 

Contract: NAS9-17981, Johnson Space Center, Dr. Hatice S. Cullingford 



PROJECT SCHEDULE 



233 












INSTEP88 Workshop 

OAST Technology For the Future Experiment Descriptions 

Part 1 : Executive Summary & Experiment Descriptions 
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Closed-Loop Life Support 

Impact of Low Gravity on Water Electrolysis Operation 

Franz H. Schubert 

Life Systems, Inc. 

Contract: NAS9-1 7966, Johnson Space Center, Albert Behrend 


EXPERIMENT OBJECTIVE 

Investigate ways a low-G environment may improve static feed water electrolysis 
(SFE) performance based on the hydrophobic/philic cell components, and fluid 
and thermal flows within the cell. The results will be used to improve static feed 
electrolysis process efficiency for: 

• Life Support 

• Propulsion 

• EMU 0 2 Bottle Recharge 

• Energy Storage 

• Industry 


BACKGROUND/TECHNOLOGY NEED 

• Hydrogen and Oxygen (H/O) are key to survival for humans in deep space 

• Static Feed Electrolysis (SFE) is a key technology for H/O based economy 

• Electrochemical processes are key to industrialization of space 


Solar Power 

ECLSS 
EVA 

Propulsion 
Electric Power 
Users 

Recovered 

Water 
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Experiment Descriptions 

Out-Reach 


Closed-Loop Life Support 


Impact of Low Gravity on Water Electrolysis Operation 
Franz H. Schubert 
Life Systems, Inc. 

Contract: NAS9-17966, Johnson Space Center, Albert Behrend 



EXPERIMENT DESCRIPTION 

The experiment apparatus will provide the ability to 
study the two major processes which occur within 
an SFE. The first is the electrochemical process of 
water electrolysis in an alkaline electrolyte. The 
second process is the static addition of water to 
the cell and diffusion to the electrolysis site. The 
experiment will be self-contained except for a 
power supply requirement. Conventional instru 
mentation including pressure and temperature 
sensors will be required. 


Clear 



Weight, lb : 30 


235 



INSTEP88 Workshop 

OAST Technology For the Future Experiment Descriptions 

Part 1: Executive Summary & Experiment Descriptions 

Out-Reach HUMANS IN SPACE Out-Reach 

Closed-Loop Life Support 

Impact of Low Gravity on Water Electrolysis Operation 

Franz H. Schubert 

Life Systems, Inc. 

Contract: NAS9- 17966, Johnson Space Center, Albert Behrend 


MASTER SCHEDULE 


Formal Reviews 
System Design 
Fabrication and Assembly 
Testing 

Mission & Flight Operations 
Data Analyses 
Refurbishment 



(a) Experiment equipment can be refurbished {and modified, if necessary) and flown 
again to investigate other areas of electrochemical phenomena in low gravity. 
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Experiment Descriptions 


HUMANS IN SPACE 

Experiment Integration Process 
Payload Integration Overview 

Clarke R. Prouty 

Goddard Space Flight Center, Special Payloads Division 


In -Step Payload Milestones 


P REF LIGHT 


POSTFLIGHT 


EXPERIMENTER 


ANALYSIS 

phase wt siiuic.runAti phase 2 payload 

CUSTOMER SAFETY MECHANICAL SAFETY DELIVERY 

PAYLOAD DATA THERMAL DATA TO 

REQUIREMENTS PACKAGE FTC. PACKAGE OODOARO 


EXPERIMENT 

RE5UL1S 

REPOn! 


I 


INTEGRATION 

AND 

ENVIRONMENTAL 

TEST 


(JSC & KSC) 


PAYLOAD CARGO FIIGHT 

INTEGRATION INTEGflAllON PLANNING 

PLAN ncvirw AND 

AND r.lOWAOE 

INTERFACE REVIEW 

CONTROL 
DOCUMENT 


PHASE 111 
CERTIFICATION 


FLIGHT 

OPERATIONS 

REVIEW 


onniTEn 

INTEGRATION 


Payload Requirements 


Payload Requirements 


• Experiment Description 

• Hardware Description 


• Mid-Deck Payloads 
PIP 


Complex Autonomous Payloads (CAP) 
Payload Accomodation Requirements (PAR) 

Hitchhiker Payloads 

Customer Payload Requirements (CPR) 


Operational Scenario 


Support 


Mission Manager 
Safety Officer 
Integration 


• Pre and Post Flight 
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Experiment Integration Process 

Payload Integration Overview 
Clarke R. Prouty 

Goddard Space Flight Center, Special Payloads Division 


Safety Review 

And Certification 

• Phase 0 

Informal - Identify Hazards 

• Phase I 

Formal - Assess Preliminary Design 
Evaluate preliminary hazard controls, 
Verification methods 

• Phase II 

Assess Final Design 
Concur on hazard controls, 

Safety verification Methods 

• Phase III 

Formal - Approve Safety Assesment Report 
Review Safety Compliance Data Package 
Identify Open Safety Items 


NASA Documents 

• pip 

• PIP Annexes 

• ICD 
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HUMANS IN SPACE 

Experiment Integration Process 

Payload Integration Overview 


Clarke R. Prouty 

Goddard Space Flight Center, Special Payloads Division 


Payload Integration 

Carrier 


• Fit Checks and Assembly 
Loading consumables 

• Final testing 

• System Checkout 

Payload Integration 

Carrier 

• Mid - Deck Payloads 
JSC 

• CAP Payloads 
GSFC, KSC 

• Hitchhiker Payloads 
GSFC, KSC 


Payload Integration 

Orbiter 

• Mid - Deck Payloads 
KSC 

• CAP Payloads 
KSC 

Adapter Beam, MPESS 

• Hitchhiker Payloads 
KSC 

Adapter Beam, MPESS 
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Experiment Integration Process 

Payload Integration Overview 


Clarke R. Prouty 

Goddard Space Flight Center, Special Payloads Division 
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Experiment Integration Process 
Payload Integration Overview 

Clarke R. Prouty 

Goddard Space Flight Center, Special Payloads Division 
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Mission 

• Launch 

• On Orbit Operations 
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Johnson Space Center, Spacelab & Middeck Integration Office 


• KSC 

• LAUNCH AND LANDING SUPPORT FOR THE SHUTTLE 

• IMPLEMENTS ACTIVITIES ASSOCIATED WITH PREPARING THE SPACE SHUTTLE AND ITS 
PAYLOADS 

- PAYLOAD PROCESSING 

- LAUNCH SUPPORT 

- LANDING 

- POST-FLIGHT SERVICES 

• MSFC 

• RESPONSIBLE FOR MANAGING THE DEVELOPMENT OF; 

- SOLID ROCKET BOOSTERS 

- SPACE SHUTTLE MAIN ENGINES 

- EXTERNAL TANK 

- SPACELAB MODULES AND PALLETS 

• GSFC 

• RESPONSIBLE FOR MANAGING; 

- COMMUNICATIONS NETWORK 

- SPACE FLIGHT TRACKING DATA NETWORK 

- GET AWAY SPECIAL (GAS) PROGRAM 

- OTHER SMALL PAYLOAD CARRIER PROGRAMS 
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SPACE SHUTTLE SYSTEH 


• ORB I TER 

- PAYLOAD BAY 

- HIDDECK 

• SOLID ROCKET BOOSTERS 

• EXTERNAL TANK 

• FLI6HT CREW 

- COMMANDER 

- PILOT 

- MISSION SPECIALIST (2 OR MORE) 


SPACE SHUTTLE SYSTEH 


SRACE SHUTTLE SYSTEM 


OVERALL it NOTH lM}FT{illm| 

HEIGHT 7HFT(3JI»| 


EXTERNAL TAW* 

37 EFT (Mm) 
IH 4 FT <47 1 m| 


DIAMETER 

If MOTH 


SOUQ ROCKET ■ POSTER 


DIAMETER 13 3 FT <1 7 m} 

HEIGHT I4S I FT (41 4 m| 

THRUST (EACH) 

— LAUNCH l.IN MILR (13 *10.149 M) 


ORRITER 


LENGTH 123 3 FT (37 I m| 

WINGSPAN 7E I FT |IJ B «nj 

TAKi HEIGHT 17 FT ( 17 m| 

RATIO AO RAT It FT OIAM RT M FT LONG 

(4 1 m IT II 3 

MAIN C MOINES (3) 

VACUUM THRUST EACH 4FS.EM LR (2.BM7 kN| 
QMS ENGINES (2| 

- VACUUM THRUST EACH S OM LR (NT kN| 

RCS 

- 2R ENGINES 

VACUUM THRUST EACH S7S LR ().HI 1 N| 

- S VERNIER ENGINES 

VACUUM THRUST EACH 21 LR (111.3 M) 



246 






INSTEP88 Workshop 

OAST Technology For the Future Experiment Descriptions 

Part 1 : Executive Summary & Experiment Descriptions 

HUMANS IN SPACE 

Space Shuttle System Payload Integration Process 
NSTS Integration and Operations 


John C. O'Laughiin 

Johnson Space Center, Spacelab & Middeck Integration Office 



PAYLOAD INTEGRATION PROCESS OVERVIEW 

• FORHAL REQUEST FOR FLIGHT ASSIGNMENT (FORM 1628) 

• DEVELOPMENT OF FORMAL AGREEMENTS 

• IMPLEMENTATION OF AGREEMENTS 

• PHASED SAFETY REVIEWS - FLIGHT AND GROUND EQUIPMENT 

• LAUNCH 

• POSTFLIGHT ACTIVITIES 





MANIFEST 


r~ 

INSTEP88 Workshop 
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Part 1 : Executive Summary & Experiment Descriptions 

Experiment Descriptions | 

i HUMANS IN SPACE 1 


Space Shuttle System Payload Integration Process 
NSTS Integration and Operations 

John C. O’Laughlin 

Johnson Space Center, Spacelab & Middeck Integration Office 


PAYLOAD INTEGRATION PROCESS OVERVIEW 




FLIGHT 

IMPLEMENTATION 



REQUIREMENTS 

DEFINITION 


CARQO/ 

MISSION 

ASSESSMENT 

T 

FUQHT 

PRODUCT* 


FLIGHT 

PROCESSINO 

i 

FlIOHT 

OPERATIONS 



11 

MO 




LAUNCH 



JOINT AGREEMENTS 
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NASA PAYLOAD INTEGRATION TEAM 


• HO - CUSTOMER SERVICE MANAGER 

• FLIGHT SCHEDULE 

• POLICY 


• JSC - PAYLOAD INTEGRATION MANAGER (PIM) 

• CUSTOMER PRIMARY POINT OF CONTACT 

• ENSURE PAYLOAD REQ, ACCURATELY DEFINED/DOCUHENTED 

• COORDINATES ENGINEERING TECHNICAL SUPPORT 


• KSC - LAUNCH SITE SUPPORT MANAGER (LSSM) 

• CUSTOMER POINT OF CONTACT AT KSC 

• ENSURES PAYLOAD PROCESSING SUPPORT AT LAUNCH SITE 


PAYLOAD INTEGRATION SCHEDULE 

• FINAL MANIFESTING IS DEPENDENT ON COMPLETION OF JOINT 
AGREEMENTS (PIP, ICD, ANNEXES) 

• COMPLETION DATES OF JOINT AGREEMENTS ARE DEPENDENT UPON 
CATEGORY OF PAYLOAD 

• PAYLOAD INTEGRATION PROCESS FOR ALL PAYLOADS SHOULD 
START AS SOON AS POSSIBLE AFTER AGREEMENT TO PROCEED 
(ACCEPTANCE OF FORM 1628 BY NASA HEADQUARTERS) 

• QUARTER SECTION TYPICAL SCHEDULE 

• PAYLOAD INTEGRATION PLAN DRAFT COMPLETE 2-3 

MONTHS AFTER FORM 1626 

• ICD COMPLETE 1 MONTH AFTER PIP 

• ANNEXES CONSISTENT WITH START OF 

CIR ASSESSMENT ACTIVITY 

• SAFETY REVIEWS PAYLOAD DEVELOPMENT 

• MISSION CAN BE DEFINED IN THE FORD WHEN JOINT AGREEMENTS ARE 
BASELINED PRIOR TO THE “NO LATER THAN” DATES SHOWN ON THE 
FOLLOWING MATRIX 
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FLIGHT 

IMPLEMENTATION S 
ASSESSMENT 

^7 FOR 


FLIGHT OPS 
PRODUCT 
DEVELOPMENT 

MSN READINESS REVIEWS 



SIMULATIONS, 
LAUNCH SITE 
PREP/ 

VERIFICATION 



SAFETY | 

PHASE 0 


t I 

PHASE I PHASE 1 
( PDR) (CDR) 


PHASE II! 
(DELIVERY) 


MCC-H/ 

POCC 

SUPPORT 


PAYLOAD CATEGORIES 


• PRIMARY PAYLOAD 

• DRIVES THE OVERALL FLIGHT DESIGN 

• GENERALLY WEIGHS MORE THAN 8000 POUNDS 

• REQUIRES AT LEAST ONE-FOURTH OF PAYLOAD BAY SERVICES 

• COMPLEX SECONDARY PAYLOAD 

« EXCEEDS NSTS ACCOMMODATIONS AS DEFINED IN APPLICABLE 
DOCUMENTATION 

• HAS ONE OR MORE OF THESE CHARACTERISTICS: 

- UTILIZES QUARTER-BAY PAYLOAD SERVICES 

- HAS OPTIONAL PAYLOAD BAY INTERFACES 

- HAS REQUIREMENTS WHICH DRIVE THE FLIGHT DESIGN 

- HAS UNIQUE INSTALLATION REQUIREMENTS IN THE 
ORBITER MIDDECK 
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• NONSTANDARD SECONDARY/SMALL PAYLOAD 

ACCOMMODATION (SPA) 

• REQUIRES MINOR DEVIATIONS FROM GAS OR MIDDECK SIP 
AND/OR IDD 

• SPA MEETS THE SIP AND IDD REQUIREMENTS, BUT ITS 
COMPLEXITY REQUIRES THAT IT BE TREATED AS A 
NONSTANDARD SECONDARY PAYLOAD FROM A SCHEDULE 
PERSPECTIVE 

• DEVIATION FROM SPA STANDARDS REQUIRES THAT A 
PAYLOAD BE TREATED AS A COMPLEX SECONDARY 

• STANDARD SECONDARY 

• DOES NOT EXCEED NSTS ACCOMMODATIONS AS DEFINED IN THE 
GAS OR MIDDECK SIP AND/OR IDD 


FLIGHT ASSIGNMENT 


PAYLOAD CATEGORY 

LATEST FLIGHT 
ASSIGNMENT 

PREREQUISITES 

PRIMARY 

FORD 

L-19 MONTHS 

BASELINED* 
PIP AND ICD 

COMPLEX 

SECONDARY 

FDRD 

L-19 MONTHS 

BASELINED 
PIP AND ICD 

NONSTANDARD 
SECONDARY 
OR SPA 

j 

CARGO INTEGRATION 
REVIEW (CIR) 

L- 1 1.5 MONTHS 

BASELINED PIP AND ICD. 

ALL ANNEXES BASELINED EXCEPT 
4 AND 9; HOWEVER, CUSTOMER 
SUBMITTAL OF ANNEXES 4 AND 9 
IS REQUIRED. 

STANDARD 

SECONDARY 

FLIGHT PLANNING 
AND STOWAGE 
REVIEW (FPSR) 

L-7 MONTHS 

BASELINED PIP, ICD, AND ALL 
ANNEXES. PHA6E II SAFETY 
REVIEW IS REQUIRED. 


‘BASELINED = SIGNED BY BOTH NSTS AND THE CUSTOMER 
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TIMELINE REQUIRED FOR FLIGHT READINESS 


11 MONTHS 

PIP B/L 

23 MONTHS 

LAUNCH 

PAYLOAD TYPE 
PRIMARY, 


^7 




COMPLEX 


FLIGHT ASSIGNMENT: FORD 
(L-19 MONTHS) 


NON- 
STANDARD 
SECONDARY 
OR NON- 
STANDARD 
SPA 

16 1/2 MONTHS 

LAUNCH 

NON- 

STANDARD 

FLIGHT ASSIGNMENT: CIR 
(L-II.5 MONTHS) 

V 

SECONDARY 
OR SPA 

12 MONTHS LAUNCH 


STANDARD 

SECONDARY 

\7 



FLIGHT ASSIGNMENT: FPSR 
(L -7 MONTHS) 
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GAS / CAP 

Similarities 


• Hardware 

• Facilities 


• Personnel 


GAS / CAP 

Differences 


GAS CAP 
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Get Away Special 

Concept 

Encourage the use of Space by all 
Researchers: 

Private Individuals and Organizations 

Foster Enthusiasm in Younger Generation 

Increase Knowledge of Space 

Be Alert to Possible growth of GAS 
Investigation into a Prime Experiment 

Generate New Activities Unique to Space 



I 
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GET AWAY SPECIAL 
SMALL SELF-CONTAINED PAYLOADS 

CONTROL CONCEPT 



ORBITER BAY 


BULKHEAD 4576) 



ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 
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HITCHHIKER MANIFESTING SITUATION 


o A NEW POLICY FOR SECONDARY PAYLOADS ON NASA SHUTTLE FLIGHTS WAS ANNOUNCED 
7/29/87 AS FOLLOWS: 

o ALLOCATIONS OF SECONDARY PAYLOAD SPACE BY WEIGHT (PERCENTAGE OF AVAILABLE 
SPACE) HAVE BEEN ESTABLISHED FOR THE VARIOUS DISCIPUNES AS FOLLOWS: THE 
CORRESPONDING TOTAL PAYLOAD WEIGHT FOR EACH DISCIPLINE IS SHOWN FOR THE 
4/30/88 MANIFEST. 


CODE E 38 
CODE C 31 
CODE S 10 
CODE R 9 
CODE M 5 
CODE A 3 
CODE X 3 
CODE C 1 
DOO 0 


SCIENCE AND APPUCATJONS 
COMMERCIALIZATION 
SPACE STATION TECHNOLOGY 
SPACE TECHNOLOGY 
STS TECHNOLOGY 
AGENCY LEVEL 
FOREIGN REIMBURSABLE 
DOMESTIC REIMBURSABLE 
DOD (UNDER NEGOTIATION) 


o GET-AWAY-SPECIAL (GAS) PAYLOADS WILL FLY IN SPACE AVAILABLE AFTER 
ACCOMMODATING PRIMARY AND SECONDARY PAYLOADS AND WILL CONTINUE TO 
USE THE EXISTING QUEUE AND POUCY. NO NEW GAS PAYLOADS ARE BEING 
ACCEPTED. 

o EMPHASIS TO BE PLACED ON MICROGRAVITY PAYLOADS OR SPACE 
STATION SUPPORT. 


MANIFESTED IN-BAY SECONDARY PAYLOADS AS OF 10/1/88 
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HITCHHIKER-G MISSION ONE 

PERKIN-ELMER SHUTTLE ENVIRONMENTAL 
EFFECT ON COATED MIRROR {SEECM) 


USAF Pi 
CAMEF 
(PAC 


GSFC 

MLLARY PUMPED LOOP 
(CPL) INSTRUMENT 


AVIONICS PACKAGE 


SUPERFLUID HELIUM ON ORBITTRANSFER 
FLIGHT DEMONSTRATION 


HITCH-HIKE R-M 
AVIONICS 


259 





260 









o PLATE 

- THE LARGE PLATE IS 50 X 60 INCHES AND CAN ACCOMMODATE UP TO 250 LBS OF CUSTOMER 
HARDWARE IN ADOfTlON TO THE SPOC AVIONICS. 

- THE SMALL PLATE IS 25 X 39 INCHES AND CAN ACCOMMODATE 100 LBS. 

- PLATES HAVE A GRID OF 3/8 BOLT HOLES ON 70 MM CENTERS. 


o CANISTER 

- THE CANISTERS CAN ACCOMMODATE A PAYLOAD 19.25 INCHES (DiA) X 28 INCHES (HEIGHT). 
. CANISTERS WITH OPENING DOORS CAN ACCOMMODATE 170 LB PAYLOADS. 

- SEALED CANISTERS (1 ATM AIR OR NITROGEN) CAN ACCOMMODATE 200 LB. 


o BRIDGE (HH-M) 

~ THE BRIDGE HAS THREE ATTACHMENT LOCATIONS EACH ON THE TOP, FRONT, AND REAR 
OF THE TRUSS. THE TOP LOCATIONS CAN ACCOMMODATE UP TO 380 LBS EACH 
AND THE SIDE LOCATIONS CAN ACCOMMODATE UP TO AT LEAST 170 LBS. THE SIDE 
MOUNTING AREAS ARE 27 X 28 INCHES AND THE TOP MOUNTS ARE 28 X 36 INCHES. 

STANDARD MOUNTING HOLES ARE PROVIDED. 

o THERMAL 

. THERMAL CONTROL SURFACES, HEATERS, THERMOSTATS, ETC. ON PLATE MOUNTED CUSTOMER 
EQUIPMENT ARE PROVIDED BY THE CUSTOMER. 

- GSFC PROVIDES EXTERNAL THERMAL BLANKET OR WHITE PAINT SURFACE FOR CANISTERS. 

- NO FLUID LOOP COOUNG IS PROVIDED BUT SEVERAL HUNDRED WATTS (CONTINUOUS) OR 
SEVERAL KW (SHORT PERIOOS) OF HEAT DISSIPATION CAN USUALLY BE ACCOMMODATED BY 
RADIATION AND TEMPORARY STORAGE OF HEAT IN THE THERMAL MASS OF THE EQUIPMENT. 


o ATTITUDE CONTROL 

- OR BITER CAN POINT AT A TARGET WUHIN 9 ARC MINUTES (5 ARC MIN FOR SHORT PERIODS). 

- USER SUPPLIED POINTING SYSTEM CAN BE USED TO IMPROVE POINTING ACCURACY. 

- NOMINAL SHUTTLE ATTITUDE IS BAY DOWN. 
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GODDARD 
AVIONICS PACKAGE 


SPOC STRUCTURAL ASSEMBLY 
(EXPLODED VIEW) 


SPOC CORE 
PLATE CD 


GAS BEAM (1) 


UPPER 
CLAMP (2) 









SPOC ADAPTER (1) 


SPOC FIELD SECTION (1) 


Hitchhiker-G Canister 

Mechanical and Electrical Interfaces 


Grounding Strap 


Customer 
Electrical _ 
Interface 
Cables 



Experiment 
Mounting Plate 


Payload 

Structure 


Lateral 
__ Support 
Bumpers 


/ 

Lower End Plate 
(Installed Last) 
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CUSTOMER ELECTRICAL INTERFACES 


The standard electrical interface or "port". consists of a signal cable and a 
separate power cable which provide the following: 

o Two 28 V (♦/- 4 V) 10 Amp. power lines which can be turned 
on (together) by ground command. Customer power and energy 
are monitored by the carrier system. The maximum simultaneous 


o Four 28V bi-level or pulse commands (10 mi max) which can be 
used with relay drivers and relays to control additional power 
switching within a payload. (For canister payloads one command 
is reserved for control of the door.) 

o An asynchronous 1200 baud uplink command channel. 

o An asynchronous 1200 baud low-rate downlink data channel. 
This data is available over Ku-band service or S-band service and 
can also be recorded on the orbiter’s tape recorder. 

o A medium-rate downlink channel 1*1400 KB/s for use with the 
real-time-only Ku-band TDRS service. The total simultaneous cus- 
tomer data rate for the carrier cannot exceed 1400 KB/s. 

o JRIG-B serial time code and a one pulse per minute square wave 
signal which can be complemented by a time command via the 
above asynchronous uplink channel. 

o Three channels for temperature sensors to allow measurement of 
payload temperatures even when the payload power is off (for 
canjstcr payloads these channels are reserved for door position, 
canister pressure, and temperature). 

o An analog channel. 0-5V, 8 bit quantizing, 10 hertz sample rate. 
An index pulse is also supplied which can be used to advance a 
user supplied analog multiplexer to allow measuring a Urge num- 
ber of parameters. 


SPOC TRANSPARENT DATA SYSTEM COMMUNICATIONS 



AT CUSTOMER'S FACILITY 



AT CUSTOMER/CARRIER INTEGRATION 


CUSTOMER 

PAYLOAD 


SPOC 


SHUTTLE 


MISSION 


CARRIER 

■ 

CUSTOMER 

Data 


ORBiTER 


CONTROL 


GROUND SUPPORT 

9 

GROUND SUPPORT 

SYSTEM 




CENTER 

^ w 

EQUIPMENT 

EQUIPMENT 


1 





(CCGSE) 

■ 

(CCSE) 


CUSTOMER 

OPERATOR 


AT FLIGHT OPERATIONS 
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MIDDECK PAYLOAD INTEGRATION 


ORBITER CREW MODULE DESCRIPTION 


MIDDECK PAYLOAD ACCOMMODATIONS 


PAYLOAD DESIGN GUIDELINES/CONSIDERATIONS 


SCHEDULES/MANIFESTING 
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- mOALMT «AT 
fTYP | KACCS) 



MIDDECK - RIGHT SIDE VIEW LOOKING FORWARD AND OUTBOARD 
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PHYSICAL ACCOMMODATIONS 


LOCKER STOWED PAYLOAD 


• 59 POUND MAX PAYLOAD WEIGHT 

• CENTER-OF-GRAVITY (CG) OF LOCKER CAN BE NO MORE THAN 19 INCHES FROM FACE 
OF ORB I TER WIRE TRAY 

• LOCKER PROVIDES 2 CUBIC FEET OF STOWAGE VOLUHE 
NONLOCKER PAYLOAD 

• 69 POUND MAX PAYLOAD WEIGHT - ONE LOCKER REPLACEMENT 

• 120 POUND MAX PAYLOAD WEIGHT - TWO LOCKER REPLACEMENT 

• CG OF PAYLOAD CAN BE NO MORE THAN 19 INCHES FROM FACE OF ORBITER WIRE 
TRAY 

■ MAX PAYLOAD WEIGHT CG DEPENDENT 

• PAYLOAD SHALL NOT PROTRUDE BEYOND FACE OF LOCKERS 
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/ STRUCTURAL V 
-ATTACH FASTENERS 

II / <«> 


9.950 REF 
(INSIDE) 


p/n Y602-661604 


v- 2.00 FT 
^INTERNAL VOLUME 


INSTL/REHOVAL 
TOOL 6UIDE5 


37.312 REF 
(INSIDE) 


FRICTION /7\ 
--HINGE W 


20.320 REF 
(INSIDE) 


ON-ORBIT LATCH 
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Experiment Descriptions 




MIDDECK MODULAR STOWAGE LOCKER CONFIGURATIONS 
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THERMAL 

COOLING 

• HEAT DISSIPATED INTO CREW COMPARTMENT BY PASSIVE OR FORCED AIR COOLING 

• PASSIVE AIR COOLING - HEAT LOAD LIMITED TO 60 WATTS MAX CONTINUOUS FOR 
LOCKER STOWED PAYLOAD 

• FORCED AIR COOLING - HEAT LOAD LIMITED TO 115 WATTS MAX CONTINUOUS 

PAYLOAD PROVIDES AIR CIRCULATION FAN 
AIR OUTLET TEMPERATURE LIMITED TO 120°F MAX 
* EXTERNAL SURFACE TEMPERATURES 

• PAYLOAD SURFACES ACCESSIBLE TO CREW LIMITED TO 1137 MAX 

• PAYLOAD SURFACES INACCESSIBLE TO CREW LIMITED TO 1207 MAX 
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• PAYLOAD OPERATIONS LIMITED TO MIDDECK EXCEPT FOR "0UT-THE-W1ND0W" 
PHOTOGRAPHIC ACTIVITIES 

NO PAYLOAD OPERATIONS ON LAUNCH AND LANDING DAYS EXCEPT FOR SIMPLE 
ACTIVATION/DEACTIVATION ACTIVITIES 

PAYLOAD OPERATIONS REQUIRING CREW INVOLVEMENT ALLOWED ONLY DURING CREW AWAKE 
PERIODS 

NORMAL SHUTTLE FLIGHT HAS ONE-SHIFT ON-ORBIT WORKDAY OF 10 HOURS WITH 8 
HOURS AVAILABLE FOR PAYLOAD OPERATIONS. AN ADDITIONAL I HOUR MAY BE 
AVAILABLE JUST BEFORE AND JUST AFTER THE NORHAL WORKDAY FOR SIMPLE PAYLOAD 
OPERATIONS 

TYPICAL SHUTTLE FLIGHT HAS A CREW OF 5 AND A DURATION OF A-5 DAYS 

• NO GROUND COMMANDING OR DATA DOWNLINK AVAILABLE FOR MIDDECK PAYLOADS 
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• DOCUMENTATION FOR PAYLOADS 

• PAYLOAD PROVIDED SYSTEMS FOR DATA STORAGE 

• CREW COMMENTS - AUDIO/LOG BOOKS 

• VIDEO 

• PHOTOGRAPHY 

PAYLOAD INSTALL AT I0N/REM0VAL 

• MIDDECK PAYLOADS NORMALLY INSTALLED IN SHUTTLE ORBITER i-8 DAYS PRIOR TO 
LAUNCH AND REMOVED ONE DAY AFTER LANDING 

• IF ABSOLUTELY REQUIRED (SUBJECT TO NSTS APPROVAL) INSTALLATION OF 
HIDDECK PAYLOADS HAY BE PROVIDED AS LATE AS 18 HOURS PRIOR TO LAUNCH AND 
REMOVAL AS EARLY AS 2 HOURS AFTER LANDING 

PAYLOAD INSTALLED ORIENTATION SHOULD BE CONSIDERED DURING DESIGN - WILL BE 
DIFFERENT DURING LAUNCH AND LANDING PHASES 

• SHUTTLE DOES NOT PROVIDE ABSOLUTE ZERO-GRAVITY ENVIRONMENT - CREW MOVEMENTS, 
CREW TREADMILL EXERCISE. THRUSTER FIRINGS. AND OTHER PAYLOAD OPERATIONS WILL 
INDUCE DISTURBANCES 

• MATERIALS SELECTION VERY IMPORTANT FOR MIDDECK PAYLOADS TO PROTECT THE CREW 
AND ORBITER 

■ TOXICITY 

• FLAMMABILITY 

• NUCLEAR RADIATION 

• WORKING IN LOW GRAVITY GENERALLY REQUIRES MORE TIME THAN SAHE TASK ON GROUND 

• IF PAYLOAD ASSEMBLY IS REQUIRED ON-ORBIT, AVOID USE OF SMALL PARTS THAT CAN 
GET LOOSE IN CABIN 

• VELCRO (NSTS APPROVED TYPE) CAN BE USED TO RESTRAIN PAYLOAD COMPONENTS 
DURING ON-ORBIT ACTIVITIES 


• REDUNDANT/SPARE PARTS SHOULD BE CONSIDERED FOR CRITICAL PAYLOAD COMPONENTS 

• SIMPLE IN-FLIGHT MAINTENANCE CAN BE DESIGNED INTO PAYLOAD. BUT MUST NOT 
VIOLATE SAFETY REQUIREMENTS AND MUST BE APPROVED BY NSTS 
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PAYLOAD MANAGEMENT RESPONSIBILITIES 

• KENNEDY SPACE CENTER <KSC> IS THE PRIMARY NASA LAUNCH SITE 
- RESPONSIBLE FOR THE MANAGEMENT AND DIRECTION OF: 


• ASSEMBLY AND VERIFICATION OF THE SHUTTLE 

• ASSEMBLY AND PROCESSING OF SPACELAB AND SIMILAR TYPE PAYLOAOS 

• SUPPORT OF PAYLOAD PROCESSING AND FINAL PREPARATION FOR LAUNCH 

• FINAL TEST AND INTEGRATION OF PAYLOADS IN THE ORBITER BAY BEFORE 
LAUNCH 

• FINAL TEST AND INTEGRATION OF PAYLOADS WITH EXPENDABLE VEHICLES 

• COUNTDOWN AND LAUNCH 

• FACILITIES, COMMUNICATIONS, ANO DATA SUPPORT TO EARLY PHASE OF 
ORBITAL ACTIVITY WEN REQUIRED 

• PRIMARY ANO CONTINGENCY LANDING SITE OPERATIONS 

• DEINTEGRATION OF PAYLOADS FROM THE STS UPON THEIR RETURN FROM SPACE 

• PERFORMING THE HOST ROLE AS THE CUSTOMER'S AGENT 
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1 OFF-LINE ' 

- -i 

I pi rcvg/insp 

. POST SHIPPING 
VERIF 

. SERVICING/CAUBR 
. PREPS FOR 

turnover 


o&c _ 

' OPERATIONS 

« INTEG TO CARRIER 
. l/F VERIF 
. SERVICING/CAUBR 
• STOWAGE (S/L ONLY} 

. CITE (IF REGD) 


L opf ops 

. installation 
• l/F VERIF 

• STOWAGE |S/L ONLY) 


ORBITER 
" OPS (PAD) 

• XFER P/L TO P/L BAY 

• MATE l/F WITH ORBITER 
. l/F VERIF TEST 

. FINAL P/L ORD CONN 
. P/L GSE REMVL ANO 
P/L BAY CLOSEOUT 
■ MIDDECK EXP/ STOW INSTL 
. LAUNCH 


' OPTIONAL 
SERVICE 


OE INTEG M , 

OPERATIONS 

. OE-INTEG P/L 
. RETURN EXP AND 
DATA TO CUSTOMER 


NOMINAL POST-LANDING „ 
^ OPERATION S(OPF) 

• SAFE P/L SYSTEMS 

• REMOVE ASE FROM ORBITER 
, TRANSPORT TO P/L INTEG 

FACILITY IN CANISTER 

-i NON-KSC la nding sites } 

. SAFE P/L SYSTEMS 
. REMV PAYLOADS |lf MOO) 

. CONFIG FOR RETURN TO XSC 


EXAMPLE OF PAYLOAD FLOW FOB OS.C INTEGRATION 


j^OPERATIONSJ 

a XPORT TO PPF 

• RCVG INSP 

■ ASSY A C/O 
a NON HAZ SERV 
a PREP FOR 
XPORT 

• MOVE TO HPF 


i Hpp * 

^ operations' 
1 I 

a PROPELLANT 
SERV 

• ORD INSTL 
a SRM INSTL 
a CLOSEOUT 
a PREP FOR 
XPORT 


1 VPF 1 J 

PCR OPS 

] OPERATIONS | 


(PAD) 

. GSE SET-UP 


■ XFER P/L 

a AIRLOCK OP5 
. INSTALL P/L - 


TO PGHM 

UPPER STAGE 
IN VPHD j— 

m l/F CKS 

OPF OPS 

ORBITER 

* (ASE) 

OPS (PAD) ' 


CLOSEOUT 
. INSTALL P/L 
IN P/L 
CANISTER 
, XPORT TO PCR 


• INSTALLATION 

• l/F VERIF 


ORDNANCE 
J^AREAOPS J 

a RCVG INSP 
a X RAY 
a LEAK TEST 
a BHIOGEWIRE 
AND S&A TEST 


DE-INTEGRATION 

OPERATIONS 

a DEINTEG P/L 
. RETURN EXP AND 
OATA TO CUSTOMER 


OPTIONAL 
J SERVICE 


^ NOMINAL POSTLANDING 
“ OPERATIONS (OPF) 

a SAFE P/l SYSTEMS 
• REMOVE ASE FROM ORBITER 
a TRANSPORT TO P/L INTEG 
FACILITY IN CANISTER 

- NON-KSC LANDING SITES 

. SAFE P/L SYSTEMS 
a REMV PAYLOADS. IF REQD 
a CONFIGURE FOR RETURN 
TO KSC 


a XFER P/L 
TO P/L BAY 
a MATE l/F 
WITH ORBITER 
a l/F VERIF TEST 
a FINAL P/L 
ORO CONN 
a P/l GSE REMVL 
. AND P/L BAY CLOSEOUT 
a LAUNCH 


EXAMPLE OF PAYLOAD FLOW FOR VPF INTEGRATION 
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KSC 

GET-AWAY SPECIAL 
PAYLOAD PROCESSING 


► Land , 

| at DFRC | 

5 to 7 6 to 7 

days days 


_ 

CINEMA 3$0° INSTALLATION I 





Customer's „ 
plant 


or- 


Receipt 
at KSC 


L at k: 
GSFC — t 


. Install in. 
orbiter 
at OPF 


5 days 


Launch 


60 to 80 
days 


Shuttle 

carrier 

aircraft 
land at KSC 


Remove 
GAS payload 
in OPF 


Return GAS 
payload to 
customer at 
GAS facility 


3 days 


2 days 
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EXPERIMENT INTEGRATION 


INTRODUCTION 


o KSC PERFORMS EXPERIMENT INTEGRATION AS DEFINED BY THE PAYLOAD MISSION MANAGER 
REQUIREMENTS . 

o THE EXPERIMENTER IS AN INTE6RAL PART OF THE EXPERIMENT INTEGRATION TEAM 

- SETS UP AND VERIFIES EXPERIMENT GROUND SUPPORT EQUIPMENT 

- MONITORS AND OPERATES 6SE DURING TESTING 

- PROVIDES DETAILS ON HOW EXPERIMENTS ARE OPERATED 

- PROVIDES EXPERIMENT EXPERTISE FOR PROBLEM RESOLUTION/UNIQUE 
EXPERIMENT OPERATIONS 

- INPUTS TO REVIEWS/SIGN-OFF PROCEDURES 

o INTERFACE VERIFICATION POLICY 

- INTERFACES ARE VERIFIED AT EARLIEST OPPORTUNITY BY FUNCTIONAL TEST(S) 

- EXPERIMENT COMPATIBILITY IS VERIFIED USING MST/MAJOR INTEGRATED TESTING 

- NO 'FAILURE* MODE/UNIQUE SOFTWARE VALIDATION (EXCEPT SAFETY RELATED) 


EXPERIMENT INTEGRATION 


o PAYLOAD MISSION MANAGER PROVIDES REQUIREMENTS DOCUMENT WITH ALL KSC PROCESSING 
REQUIREMENTS TO LSSM INCLUDING: 

- OFF-LINE FACILITY SUPPORT 

- EXPERIMENT INSTALLATION 

- INTERFACE VERIFICATION 

- SERVICING, ALIGNMENT, AND CALIBRATION 

- LAUNCH DELAY CONTINGENCIES 

- DE INTEGRATION 

- EXPERIMENTER POST FLIGHT SUPPORT 

- CONTINGENCY LANDING SITE PROCESSING 

o KSC RESPONDS TO REQUIREMENTS WITH THE KSC LAUNCH SITE SUPPORT PLAN (LSSP), ANNEX 8 
OF THE PAYLOAD INTEGRATION PLAN (PIP) 

o LSSP COMMITS KSC RESOURCES: 

- IDENTIFIES INTEGRATION PHASE OF REQUIREMENT 

- IDENTIFIES THOSE REQUIREMENTS WHICH ARE NON-STANDARD (OPTIONAL SERVICES) 

- IDENTIFIES REQUIREMENTS WHICH CANNOT BE MET OR NEED FURTHER RESOLUTION 

(PRELIMINARY ONLY) 
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EXPERIMENT INTEGRATION 


o WORKS WITH KSC TO SATISFACTORILY IMPLEMENT REQUIREMENTS 

o PROVIDES PROCEDURE INPUTS RELATIVE TO PROPER EXPERIMENT OPERATION TO ENSURE ACCURATE 
TESTING AND HEALTH, REVIEW/SI6N RESULTANT PROCEDURES 

o PERFORM EXPERIMENT UNIQUE FUNCTIONS WHICH REQUIRE SPECIAL EXPERTISE OR TRAINING 

f 

o CHECKOUT GSE IN USER ROOM 

o OPERATE GSE 0URIN6 KSC OPERATIONS (PASSIVE ACTIVITY) 
o PROVIDE EXPERIMENT EXPERTISE WHEN PROBLEMS OCCUR 
o EVALUATE EXPERIMENT GSE DATA 

o EVALUATE TEST RESULTS TO ENSURE OBJECTIVES ARE MET 


EXPERIMENT INTEGRATION 


OFF-LINE PREPARATIONS 


o 'OFFLINE' REFERS TO THOSE FUNCTIONS WHICH OCCUR OUTSIDE THE NORMAL SERIAL FLOW OF 
PAYLOAD HARDWARE INTEGRATION 

- NORNALLY PERFORMED BY EXPERIMENTER PERSONNEL 

- NORMALLY PERFORMED IN OFF-LINE AREAS (LAB, etc.) 

- KSC PERSONNEL ONLY INVOLVED TO PROVIDE SUPPORT OR CONTROL HAZARDOUS OPERATIONS 


o 'ON-LINE' REFERS TO THOSE FUNCTIONS WHICH OCCUR AS A PART OF THE INTEGRATION FLOW 
AFTER EXPERIMENT TURNOVER 

- NORMALLY PERFORMED BY KSC 

- NORMALLY OCCURRING IN THE INTEGRATION STAND/ORBITER 
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EXPERIMENT INTEGRATION 


OFF LINE ACTIVITIES 


o EXPERIMENT TURNOVER 

- THE PMM MILL PROVIDE KSC WITH A DATA PACKAGE DEFINING: 

(1) EXPERIMENT CONFIGURATION 

(2) OPEN WORK ITEMS (SCHEDULED) 

(3) NON-FLIGHT ITEMS (RED TAG) 

(A) OPEN PROBLEMS/VERIFICATIONS/WAIVERS 

(5) FLIGHT SPARES 

(6) BONDED STORAGE NEEDS 

(7) HAZARDS (LASERS, CRYOGENS, ETC.) 

- THE PMM/PI/ED WILL CERTIFY THAT ALL GROUND SAFETY REVIEWS ARE COMPLETED 
(IDENTIFY ANY OPEN ITEMS) AND EXPERIMENT IS QUALIFIED FOR STS FLIGHT 



O&C BUILDING ASSEMBLY AND TEST AREA 
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GENERIC EXPERIMENT SERVICING ANO CLOSEOUT 


• SERVICING ANO CLOSEOUT OPERATIONS ARE MISSION DEPENDENT ANO NAY BE PERFORMED 
IN THE O&C TEST STANDS, IN THE OPF, AND/OR AT THE PAD. 


• SERVICING AND PERIODIC MAINTENANCE, SUCH AS 

- EXPERIMENT PURGES 

- FLUIDS FILL/TOPOFF 

- EXPERIMENT CALIBRATION 

- BATTERY INSTALLATION/CHARGE 


t CLOSEOUT ACTIVITIES, SUCH AS 

- PAYLOAD ENVELOPE CLEARANCE CHECKS 

- PAYLOAD WEIGHT AND CG MEASUREMENTS 

- PYROTECHNICS INSTALLATION AND VERIFICATION 

- EXPERIMENT UNIOUE OPERATIONS (E.G., REMOVE BEFORE FLIGHT ITEMS) 

- OPF TIME CONSTRAINED STOWAGE AND CREW HALKDOMN (NODULE MISSIONS) 

- PAO LATE ACCESS FINAL STOWAGE (E.G., BIOLOGICAL SAMPLES, SL-3 PRIMATES AND 
ROOENTS) 
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VERTICAL PROCESSING FACILITY ACTIVITIES 


• PAYLOAD INTEGRATION WITH ORBITER SYSTEMS AND OTHER PAYLOADS ALSO TAKES 
PLACE IN THE VERTICAL PROCESSING FACILITY (VPF) 

• DELIVERY CONFIGURATION VARIES DEPENDING ON THE UPPER STAGE: 

- PAM ALREADY MATED WITH PAYLOAD 

- IUS/TDRS AND PAYLOAO ARRIVE SEPARATELY 

- SYNCOH CLASS AND ITS PKH ARRIVE SEPARATELY 

• PAYLOAD ELEMENTS STACKING AND TESTS INVOLVE: 

- MATING WITH UPPER STAGE AS NECESSARY AND INSTALLATION INTO WORKSTANO 
IN PAYLOAD BAY SEQUENCE 

- STANDALONE HEALTH ANO STATUS TESTS 

- INTEGRATION TESTS 

• ORBITER-TO-PAYLOAD INTERFACE VERIFICATION WITH PAYLOAD INTEGRATION 
TEST EQUIPMENT <CITE> 

• MISSION SEQUENCE TEST 

• END-TO-END TEST 

• ORDNANCE SYSTEMS TEST 



CANISTER/TRANSPORTER BEING READIED TO LEAVE VPF 
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PAYLOAD ELEMENTS BEING TRANSFERRED FROM THE PCR 
INTO THE SHUTTLE PAYLOAO BAY 


ORB I TER INTEGRATION 


U 
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t AFTER PAYLOAD INSTALLATION IN ORBITER PAYLOAO BAY IN THE OPF OR THE PCR: 
- OPF 

• PAYLOAO CABLES TO ORBITER ARE CONNECTED AND THE INTERFACE IS 
VERIFIED FROM FIRING ROOM AT LAUNCH CONTROL CENTER (LCC) 

• ENO-TO-ENO ANO MISSION SEQUENCE TESTS WILL BE PERFORMED (IF 
REQUIRED) 




^ PCR 

• FINAL ORDNANCE CONNECTIONS ARE MADE ANO SAFING IS COMPLETED 

• ALL CLOSEOUT PREPARATIONS FOR FLIGHT ARE PERFORMED AND VERIFIED 

• PAVLOAD BAY DOORS ARE CLOSEO AT L-10 DAYS 

• LATE SERVICING OR COWANDS HILL BE ACCOMPLISHED THROUGH THE ORBITER 
UHBILICALS AS PART OF THE SHUTTLE COUNTDOWN PRIOR TO T-9 MINUTES 


• ACCESS IS EXTREMELY LIMITED AFTER INSTALLATION OF THE PAYLOAO AT 
THE VPF AND PCR 

1 I 
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KENNEDY SPACE CENTER INTEGRATION ACTIVITIES 


• CUSTOMER SUPPORT REQUIRED DURING ALL PHASES OF INTEGRATION ACTIVITIES FOR 
GROUNO OPERATIONS AND RELATED PAYLOAD TESTING. 

• REVIEWS REQUIRING CUSTOMER SUPPORT ARE: 

- GROUNO OPERATIONS REVIEW (GOR) 

- PAYLOAD REAOINESS REVIEW (PRR) 

- LAUNCH READINESS REVIEW (LRR) 

- FLIGHT REAOINESS REVIEW (FRR) 

- PAYLOAD MANAGEMENT COUNTDOWN REVIEW (PMCR) 
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SUMMARY OF AVAILABLE PPF'S 

• BUILDING AE 



- HIGH BAY WORK AREA: 

43 FT. 10 IN. BY 51 FT. 6 ‘Vn. 

- CRANE: 


6-TON, 36 FT. 10 IN. LIFT 

- CLEANLINESS: 


CLASS 10,000, CWA LEVEL 2 j 

- ENTRY DOOR: 


14 FT. 9 IN. UIOE BY 36 FT. 1 IN. HIGH 

• HANGAR S 



I - HIGH BAY WORK AREAS 


• NORTH: 


42 FT. 1 IN. BY 29 FT. 11 IN. 

• SOUTH: 


45 FT. BY 55 FT. 

- CRANES: 


2-TON, 19 FT. 1 IN. LIFT 

- CLEANLINESS: 


CLASS 100,000, CWA LEVEL 4 

(CAN MAINTAIN CLASS 10,000, CUA LEVEL 2) 

- ENTRY DOOR: 


14 FT. 9 IN. HIDE BY 19 FT. 8 IN. HIGH 
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